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would have been found in this case, if the analyses had been re- 
peated at a later point of time. 

Discussion. 

It can hardly be doubted that the necessary requirement for the 
production of these premortal electrolytic changes is a consider- 
able degree of dehydration, leading at the same time to azotemia 
and pathological acids in the blood. The supply of liquids was 
minimal and the diuresis was impossible to measure. It is under- 
standable that these changes will be most pronounced in case 
of apoplexy, where the patients are lying unconscious and receive 
no nourishment and where parenteral administration of liquids 
is usually omitted in view of the hopeless prognosis. 

The cause must be supposed to be a selective loss of water, to- 
gether Avith some retention of salt. Judging from the hemocon- 
centration the loss of water is perccntually far greater than the 
increase in the total bases. The patients have been highly febrile 
and the insensible loss of water has certainly been considerable. 
Some have perspired very profusely and the sweat contained 
relatively little salt. One patient (No. 5) Avas given one litre of 
a 2.6 per cent sodium bicarbonate solution intravenously in two 
days. He got a cerebral thrombosis, becanre soporous and on the 
next day comatose. He died after four days. The conditions for 
an increase of the total bases, such as was seen in the first patients, 
should here be supposed to exist. In spite of intravenous injection 
of about 620 m.eq. of Na in the forrd of bicarbonate, which about 
corresponds to the Avhole content of Na in the blood, there came 
in this case a reduction of the serum Na. Neither was there any 
hemoconcentration, which probably explains why no premortal 
rise in the total bases occurred in this case. 

The great degree of dehydration and the impaired vitabty 
must be supposed probably through reduced filtration, to put the 
kidney partly out of action. The retention of urea and patho- 
logical acids may also be said to point in that direction. Perhaps 
there may be an increased reabsorption of Na through the tubules. 

No increase of electrolytes Avas noted in patients Avith edema 
(Nos. 12, 13, 14). It is reasonable to suppose that the abundant 
supply of extracellular fluid serves as a depot which stands at 
disposal and prevents dehydration and reduction of the blood 
volume. 
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PREFACE. 


Some years ago. while tisiiig (he raiisiilar .swelling method 
of Ncufeid in a .study of acute pneumonia in the fourth medical 
service of St. Erik's Ho.spital. I oh.served a new serr>Iogic ))ht!- 
nomenon which I called the nonspecific capsular swelling reac- 
tion. My .studies of this phenomenon are. de.^eriherl in the present 
communication. 

The hacteriologic experiments were carried out at the Stiite 
Bactcriologic Laboratory. I wish to exi)re.ss my warm thanks 
to its Director, Profe.ssor Carl Kling. for his kind intere.st in 
my work. Special thank.s are also d\ie to Doctors Sven Card. 
Gunnar Norlin and Gunnar Olin at the same ij)stitute for valu- 
able advice and helji. 

J3csides the patients from the fourth medical service of St. 
Erik’s Ho.spital numerous cases from other hospitals in Stockholm 
were studied. For this ojjport unity 1 wish to express my gratitude 
to the respective phy.sicinns in chief, Dr. Kolf Bergman, Professor 
Eli.s Berven, Dr. Hjalmar Enestrdm, Dr. -Alf Gullbring, Profe.ssor 
Folkc Hcnschen. Drs. O.skar Lindbom. Einar Perman, Ernst 
Sahlgrcn and Birger Strnndell. and I’rofessors Nanna Svartz ami 
.To.sua Tillgrcn. 

The electrophoretic cxjieriments were done at the Institute 
of Physical Chemistry of the I'niver.sity of rpj)sala. I’or this 
opportunity and for help with the analysis of the results, I am 
highly indebted to Professor Arne 'J’iselius. I also express mv 
thanks to Dr. Harry Svensson of the sajue institute for doing 
the experiments. 

Iho expenses of the investigation were defravetl in part bv 
grants from the Swedish Society for i\ledieal IG'search and the 
Pasteur Foundation of the Swedish Medical Society. 

Stockholm. December, H(12. 


tr'anaar Liifstrihn. 
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Summary. 

In several patients there was noted shortly before death a 
considerable increase of the total bases in serum, up to ISI m. 
eq./L. The content of chloride was practically normal. Together 
with this rise there was constantly found considerable hemocon- 
centration and an increase of N. P. N., as well as pathological 
acids in the serum. 

The phenomenon was noted especially in patients dying of apo- 
. plexy, but also in one who died from a different cause. In fatal 
illnesses attended by considerable edema the total bases were 
normal or reduced and neither was there any hemoconcentration 
or increase of N. P. N. Probably because the large supply of extra- 
cellular fluid prevents dehydration. 

It is supposed that the cause of these changes is dehydration 
with selective loss of water. In such patients, usually highly fe- 
brile, the insensible loss of water will be considerable and paren- 
teral administration of liquid is in most cases omitted. One patient, 
in whom these electroljdic changes might have been expected, 
was given copious injections of liquid containing sodium bicar- 
bonate. There was found no dehydration and Ulrewise no increase 
of the total bases, in spite of copious administration of Na. On 
account of the dehydration the renal filtration probably becomes 
very much reduced so that the functioning of the kidneys as 
apparatus for regulation of the electrolytes becomes greatly 
restricted. 

Methods. The total bases have been determined electrolyticaUy 
by means of Herman Nielsen’s apparatus. Chloride and alkali- 
reserve by Van Slyke’s and the serum proteins by Hovre’s method. 
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The point of departure for all more recent studies on pneu- 
mococci was the observation by Neufeld and Handel (73, 74) that 
their pneumococcic strains showed different serologic properties. 
They differentiated between three types of pneumococci in acute 
pneumonia. In 1913 Dochez and Gillespie (21) began a series of 
investigations at the Rockefeller Institute which in 1917 resulted 
in the monograph of Avery, Chickering, Cole and Dochez (5), a 
classic in this field of research. They divided pneumococci into 
the fixed types 1, 2 and 3 and placed the rest in a collective group 
4, or as it was later called, X. Georgia Cooper and her co-workers 
(18, 19) divided this collective group into types 4 — 32. In subse- 
quent pneumococcic studies strains were encountered which did 
not belong to the known types, and in 1938 Finland and Brown 
(30) showed that the Cooper types were not separate entities, 
but that there were some strains which showed overlapping 
serologic reactions. In 1939 Vammen (99) discovered two new 
types of pneumococci, 33 and 34, as well as three variants in type 
9 and two in type 10. Kauffmann, Morch and Schmith (63) 
then made a re-study of the whole type problem, and partly by 
analysis of partial antigen, they finally increased the number of 
pneumococcic types to fifty. Annabel Walter and co-workers (103) 
confirmed the results of the Danish authors and demonstrated still 
more types, increasing the total number to fifty-five. 

The different types of pneumococci are identified with a 
method described by Neufeld (72) in 1902 but not used generally 
until the 1930’s w'^hen serum treatment became popular. Neufeld 
describes the phenomenon observed by him as follows: 

“Mischt man nun gleiche Theile von agglutinierendem Serum imd Pneumo- 
kokken-bouilloncultur, sei es im Reagensglase, sei es durch inniges Verreiben, je 
einer Platinaose Serum und Cultur auf einem Deckglase, so beobachtet man im 
bangenden Tropfen deutliche Quellungserscheinungen, die bei einem kraftig 
■wirksamen Serum sofort oder nach einigen Minuten auftreten. Die einzelnen 
Kokken schirellen bis zum Doppelten und Dreifachen ihrer Grossen an, sie platten 
sich dabei an ihren Beriihrungsstellen, die sonst zugespitzt sind, gegen einander ab 
und die ganzen Contouren werden undeutlicher und versch'wimmend. Bisweilen 
lasst sich deutlich erkennen, dass an diesem Quellungsprocess hauptsachlich die 
ausseren Schichten der Bakterienzelle betheiligt sind; sie wandeln sich' in eine 
homogetie glasige Masse um, -wahrend in der Mitte des Coccus ein dunklerer, runder 
Kern zu sehen ist.” 

The Neufeld capsular swelling has been more closely analyzed, 
mainly by Etinger-Tulczynska (25) in 1933 and is considered to 
be a reaction between the specific polysaccharide of the pneu- 
mococcic capsule and the serum antibodies. Whether the precipi- 
tate is deposited outside or inside the capsule is not known. The 
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size of the swollen capsule varies greatly in different types of 
pneumococci, but what is characteristic of the reaction is not so 
much the size of the capsule as the picture it presents, sharply 
outlined against the surrounding fluid (61). 

The chemical basis for the variation in pneumococcic types is 
known through studies of Heidclberger and Avery (39, 40) and 
of Heidelberger, Goebel and Avery (42). They produced type- 
specific polysaccharides from the classical pneumococcic types 
1, 2 and 3 and showed that they were composed of polysaccharide 
acids of high molecular weight and of characteristic composition 
for each type. 

In 1930, Tillett, Goebel and Avery (93) produced a species 
specific polysaccharide from a rough type 2 strain. This poly- 
saccharide, which differed serologically from known pneumo- 
coccic antigens, the type-specific capsidar polysaccharide A and 
the species-specific nucleoprotein B, was studied clinically by 
Tillett and Brands (92) under the name “somatic C-substance”. 
In 1931, Heidelberger and Kendall (46) isolated three poly- 
saccharides from Pneumococcus type 4, of wliich one was specific 
for the type, the second probably identical with C-polysaccharide 
and the third a serologically inactive substance, closely related 
to chitin. The C-polysaccharide also differed chemically from the 
polysaccharides previously known by its content of phosphorus 
in addition to nitrogen and by being common to all the pneu- 
mococcic types. It occurred in both smooth and rough forms, 
bound to the pneumococcic body itself (45). Later on, specific, 
purified polysaccharides were produced from still further types 
of pneumococci and finally Brown (12) succeeded by ultrafiltra- 
tion and alcoholic precipitation in producing chemically defin- 
able polysaccharides from all the thirty types of pneumococci 
in Cooper’s classification. 

Serologically active polysaccharides occur generally in the 
vegetable and animal kingdoms. They consist of both type speci- 
fic and species specific antigens and have been used .a great deal 
for classifying bacteria into types: Bor .these questions I refer the 
reader to the handbooks of, for example, Topley and Wilson 
(97), hmiting myself to the serologic observations of particular 
importance to my own investigations. 

Borssman (33) showed in 1911 that serologically closely related 
substances occur in cells from biologically distinct animal species. 
The Borssman heterogenetic antigen is found in organs from 
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animals like the guinea pig, horse, cat and mouse, and stimulates 
the production of hemol 5 '’sin against sheep antibodies on the 
immunization of rabbits. Heterogenetic antigens occur in the 
kidneys, liver, lungs, adrenal glands, testicles, skeletal muscles, 
lymph glands and serum. The Forssman antigen is lacldng in 
several animals, like the rabbit, ox, sheep, rat, goose, pigeon and 
fro^. Schiff and Adelsberger (85) showed that it occurs in human 
A blood corpuscles and that Forssman immune serum reacts 
with blood corpuscles A and AB, but not with 0 and B. Hetero- 
genetic antigens were discovered in bacteria, first in dysentery, 
paratyphoid and lepisejiticus bacteria and pneumococci and then 
in a large number of other bacterial species (86). 

Splitting the Borssman antigen with alcohol produces a hapten 
which reacts with immune serum but which has no other antigenic 
properties. The protein component is nonspecific and can be 
replaced by pig serum. The hapten was originally thought to be 
a lipoid, but the pure product proved to be soluble in water (58) 
and of polysaccharide nature (13). 

Other heterogenetic antigens than the Forssman antigen have 
also been observed. Overlapping reactions between blood cor- 
puscles from different animals occur, gBdng rise to different 
heterogenetic systems (52, 50, 106). 

Other examples of heterogenetic reactions, according to Cast- 
aneda (15) are the Weil-Fehx reaction in typhus fever, in which 
reaction Proteus X19 and Bickettsia prowazeki prove to have 
chemically similar antigens, and the Wassermann reaction in 
which Eagle and Hogan (23) showed, by absorption experiments 
with the Beiter strain closely related to the syphilis spirochetes, 
that the Wassermann reagin contains substances with serologic 
properties similar to the antigenic components of the syphihs 
spirochetes. 

Finland and Curnen (31) found that antipneumococcic serum 
type 14 from horses agglutinates the blood corpuseles of all 
human blood groups. The specific type 14 polysaccharide shows 
close chemical resemblance to the blood group A substance iso- 
lated from peptone (37) and, according to Beeson and Goebel (7), 
absorption with the type 14 polysaccharide removes both the 
agglutinins for human blood corpuscles and the precipitins for 
the A substance from type 14 antipneumococcic horse serum. 
Absorption with the A substance does not cause an appreciable 
decrease in the type 14 antibodies, but does reduce the serum’s 
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capacity to agglutinate liumau blood corpuscles. Absorption 
with Imnan blood corpuscles diminishes the content of pre- 
cipitin against the A substance. The authors pointed out that 
the serologic reaction between the specific substances from type 
14 and blood group A appears to be due to a similarity in the 
chemical constitution of the specific polysaccharides. 

Overlapping serologic reactions also occur between antigens 
from the following groups, among others; B. Fricdliinder and 
Pneumococcus tj^ie 2 (16), yeast and Pneumococcus type 2 and 
3 (41), and specific polysaccharides from gonococci and menin- 
gococci on the one hand and Pneumococcus t}Tic 3 on the other 
(71). 

In addition, overlapping reactions have been observed between 
some of the different types in the pneumococcus group. Table 1 
records the results obtained by different authors (66, 100, 105) 
in the production of type specific rabbit serum. A liigh homo- 
logous titer Avas obtained against the immunizing bacteria, but 
overlapping reactions against other types of pneumococci were 
also observed. 

Certain of the overlapping reactions shown in the table arc of 
particular interest to the following investigations, T}’pc 16 serum 
reacts with type 28, type 27 serum with type 28 and type 28 serum 
Avith types 16, 27 and 29. ^Yalte^ and her co-workers (103) de- 
monstrated similar overlapping reactions. Tj^ic 16 scrum reacts 
Avith types llA, 21 and 28, tjpe 27 scrum with type 32 and tj’pc 
28 serum with types luA. 16, 27 and 29. 

The polysaccharide antigen is characterized on the one hand 
by a high degree of serologic specificity, on the other hand by 
an abundant occurrence of heterogcnetic reactions. Landsteiner 
(65) explains tliis phenomenon as follows; “As explanation for 
the frequent occurrence of heterogcnetic reactions among cell 
antigens the suggestion may be offered that these reactions depend 
upon the special chemical nature of the haptens. Whereas pro- 
teins are built up from many different amino acids, the carbo- 
hydrates which determine the specificity of numerous bacterial 
antigens har^e fairly high molecular weight, yet, as far as is known, 
each of them contains but fcAv different components. Therefore, 
the presence of the same or similar constituents in different carbo- 
hydrates and the probability that these components or simple 
combinations thereof are significant for the specificity, offers a 
reasonable explanation for the heterogcnetic reactions in bac- 
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teria . . . Heterogenetic reactions do not imply tliat one and the 
same substance is present in tbe similarly reacting materials, 
although this is often held. It has been demonstrated in absorp- 
tion and immunization experiments, and also by comparing 
various immune sera, that Forssman reactions, which possibly 
depend on the presence of a small characteristic grouping, are 
due to similarity rather than to identity of the substances.” 


Table 1. — Tlie occurrence of overlapping reactions between pneumo- 
cocci of types 1 to 32 (Cooper) in the iniinunization of rabbits. 


Homologous 

types 

0 V c 

rlapping ty 


Authors 

LyaJl and Odell 

Welch, Borman 
and Mickle I 

Vammen 

1 

1 

1 


2 

20 

17, 20, 27 

20 

3 

_ 

- 

8 

4 

— 

9 

— 

5 

— 

2, 21, 27 

— 

fi 

— 

— 

11 

7 

— 

16, 18, 22, 28, 31 

— 

8 

19 

3, 13, 19 

3, 19 

9 

— 

— 

— 

10 

20, 29 

20, 29 

— 

11 

— 

— 

— 

12 


13 


13 

17. 29 

— 

— 

14 


8 

— 

15 



11 

11, 14 

i 16 

— 

28 

28 

1 17 

13 

13. 29 

15 

1 18 

28 

1, 16 

1, 16, 23 

1 19 

8 

8 

2, 8 

20 

2, 10, 31 

10, 21, 31 

2, 13, .31, 33 

21 




7, 27 

22 



— 

2, 20, 31 

23 

.32 

16, 32 

7, 18, 32 

24 


— 

11 

25 



10, 20 

— 

27 



— 

28, 32 

28 

18 

16, 27, 29 

16,' 18, 27, 29 

29 

10, 13 

10 

13, 28 

31 

20 

20 

20, 22 

32 

23 

23. 27 

23. 27 
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CHAPTER 2. 

The Nature of Antibodies. 

Tlie mechanical explanation for antibody reactions, expressed 
in Ehrlich’s side-chain theory (97), is now only used for schematic 
representation, but despite increased biochemical Imowledge 
the fundamental problems regarding the nature and origin of 
antibodies still await a definitive solution. Although a great 
many antigens are chemically defined, the exact chemical nature 
of the antibody molecule is still obscure. 

It is known that the active components of the antibodies are 
of globulin nature, or at any rate intimately related to globulin, 
and as yet no one has succeeded in producing protein-free anti- 
bodies (22). According to Breinl and Ham-owitz (11), among 
others, the antibody globulins are formed in the rcticulo-cndothc- 
lial system, together with the normal globulins. Injected antigen 
is also taken up in this system and these authors assume "dass 
das abgelagerte Antigen den Aufbau der Scrumglobuline aus 
ihien Aminosaure-Baustcinen stort, so dass an Stolle dor normalen 
Serumglobuhne neuartige Globulinc entstehen, welche der detcr- 
rainanten Gruppe des Antigens riiumlich und hinsichtlich Ycr- 
teiluug ihrer Ladungen angepasst sincl”. 

Before going on with this discussion, certain elementary results 
of modern antibody research must be recorded. The former classi- 
fication of antibodies into precipitins, agglutinins, lysins, tropins, 
amboceptors and so on, is now generally regarded as unjusti- 
fiable (29, 43, 44, 29, 81). The different names are now considered 
to express different modes of behavior of the same serologic 
.substance. Landsteiner (55) summarizes his opinion as follows; 
“In brief it can be said that frequently one antibody can cause 
reactions different in appearance, as the agglutination of bacteria 
by the same antibodies that give precipitin or complement fixa- 
tion reactions ^vith bacterial polysaccharides. On the other hand, 
a cell containing several antigenic constituents will give rise tn 
at least as many — if not more antibodies as there arc anti- 
genic components, and these may well differ in their effects on 
the whole antigenic complex.” 

Antibodies occur as immune antibodies and as normal anti- 
bodies. The serologic properties of the former are well known and 
will only be briefly recapitulated. An immune antibody develops. 
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after antigenic stimulation and reacts specifically with its antigen 
and possibly hctcrologonsly with certain antigens of closely 
related chemical nature. After antigenic .stimulation a certain 
amount of time elapses before the appearance of antibodies in 
the blood. TJie concentration of antibodies increases successively 
and reaches its maximum after a certain length of time, when it 
begins to diminish, first rapidly and then more slowly (98). If 
the antigenic dose is repeated after a time, the antibodies devel- 
op more rapidly than after the primary dose. This “secondary 
stimulus” (Glenny and Siidmersen, 36) also leads to a higher 
concentration. 

Isormal antibodies have the same serologic properties as im- 
mune antibodies to a certain extent, but their occurrence in 
the serum is not jireceded by any known antigenic stimulation. 
TJiey generally have a low titer and arc difficult to remove by 
absorption (sec Topley and Wilson). Tlie specificity of normal 
antibodies is debated. A number of investigations with absorp- 
tion (2-1, 70) indicate that they are specific and likewise a number 
of more recent experimental observations (65, 67). Gordon and 
Carter (38), however, are inclined to believe that tlie effect of 
normal antibodies is due to nonspecific factors in the scrum. 

There lias been a great deal of discussion about the origin and 
mode of development of normal antibodies. The newly born infant 
possesses a passive immunity from its mother, obtained through 
the placenta, and during the suckling period antibodies arc trans- 
ferred to it with the milk, but infant serum is otherwise poor in 
antibodies. During the first years of childhood their number 
increases, together with the globulin concentration in the serum 
(97). The common explanation for this is that unapparent infec- 
tions cause the formation of homologous and to some extent 
heterologous antibodies. This explanation is decidedly unsatis- 
factory as regards a number of antibodies, however, and it is 
probable that antibodies arc not all formed in the same way. 
Another theory is that antigenic material absorbed through the 
digestive tract or other mucous membranes gives rise to anti- 
bodies. Antibodies are probably also caused primarily by the 
antibody'-producing apparatus, without any external stimula- 
tion (see Topley and Wilson). Landsteiner (55) believes "that 
one may distinguish two kinds of antibodies in ajiparently 
normal animals, acquired and physiological, and the conclusion 
may be drawn that normal serum contains a complete assemblage 
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of substances, wMcli tbougk not adjusted to any one antigen, in 
other respects resemble the antibodies produced by immuniza- . 
tion”. 

I shall now mention a few studies regarding normal antibodies 
against the bacteria of the pneumococcic group. Eobertson and 
his co-workers (83) found that human sera contained antibodies 
against one or more of types 1, 2 and 3. Thej* also observed that 
during the first day of acute pneumonia the serum sometimes 
also contained mouse-protective antibodies against the infecting 
bacteria. The normal serum of certain species of animals has a 
strong bactericide action on pneumococci of different types 
(67, 102). 

Eaber (26) demonstrated agglutinins against one or several 
pneumococcic types in sera from 18 per cent of a series of healthy' 
persons. Sutliff and Da^des (87) pointed out that the normal 
antipneumococcic antibodies which develop during the first years 
of childhood have no connection with the different types of 
pneumococci occurring in the throat of the same children. 

This leads to the question of “auto-antigen”. Extracts of tissues, 
except for nervous tissue and the eye lens, transudates and 
exudates lack antigenic properties for the same organism (107). 
Some authors believe, nevertheless, that as soon as a tissue is 
pathologically altered, it may become “foreign” to the body 
and act as an auto-antigen (47, 49, 60). The following statement 
by Lehmann-Facius and Loeschke (60) is of interest when con- 
sidering the results of the present investigation; “Wie beim 
Karzinom, so bestand auch bei der Tuberkulose die Haupt- 
schwierigkeit darin, dass die nachzuweisenden Korper zur Gruppe 
der Auto- oder Isoprecipitinen gehoren, die bekanntlich infolge 
ihrer geringen Titerhohe im Gegensatz zu den Kraus und Uhlen- 
huthschen Precipitinen serologisch schwer zu erfahren sind.” 

The present investigation is connected to a certain extent with 
the problem of the effect of nonsjiecific stimuli upon immunity 
and resistance to infection. The observations made in this field 
of study are based on experiments which are often difficult to 
judge from an experimental standpoint and difficult to explain 
from a theoretical standpoint. I should like to go over some funda- 
mental concepts in this field. Various stimulants, such as colloidal 
sulphur, protein solutions and bacterial suspensions nonspecifi- 
cally activate antibodies present in a low titer in the body. This 
anamnestic reaction (Conradi and Bieling, 17) is considered to 

2—424065 
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play a part in nonspecific stimulation tiicrapy. Characteristic of 
it is that the antibodies appear after a very short latent period 
and their effect passes over quickly. It has been considered pos- 
sible to produce generally increased resistance to infections 
by nonspecific stimulation. A large amount of literature has grown 
up around this problem (80). Or.slcov and Kauffmann (78) coined 
the term “promunity'"' for one type of heightened resistance and 
drew attention to its short life in comparison with ordinary 
immunity, which develops later and decreases gradually. 

There have been many attom])ts to explain the nonspecifically 
induced resistance to infection, l)ut the definitive .solution is still 
wanting (SO). The. following are a few of the theories. Wcichardt 
(101) looks upon the nonspecific protective effect as a proto- 
plasmic activation of quantitative but not qualitative nature. 
Sachs (S‘i) assumes that the injection of colloids and nucleic acid 
acts on the proteins of the organism, and that their decomposition 
produces omniccllular reactions. As long ago as 1801 Vaughan 
(101) presented the theory that injections of nucleic acid causes 
an increased resistance due to activation of the tissue. 


CHAPTER .8. 

Earlier Research on Nonspecific Serolog:ic 
Reactions Dnrinig Acute Stagccs 
of Disease in Man. 

During acute disease, the blood serum undergoes considerable 
changes. The changes vary according to the etiology of the 
disease, but some are common to different diseases or conditions 
of disease. 

The decrease in the suspension stability of the red blood cor- 
puscles as measured with the sedimentation reaction (27, 28) 
is one of these phenomena. l’'ahrams considered that the reduced j 
stability, which causes au elevated sedimentation rate, was due ■ 
to an increase of the globulins in the plasma, especially fibrinogen, i 

The globulins often increase during infectious diseases, dia- 
betes and some kidney diseases, during experimental immuniza- 
tion and after the injection of nonspecific stimuli (28). 

Tiselius (94, 95, 96) divided serum into four fractions by means 
of electrophoresis. The most quickly moving component corre- 
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spoiidcd. on tlic wliolc to tlic albuiTiin. of the scrum. Tlic three 
other fractions, which moved more slowly and which corresponded 
approximately to the globulin, Averc called ce, ji and y globulins. 

Blix (8) made an electrophoretic analysis of sera from cases 
of acute disease, and showed that the concentration of the ct 
globulin practically doubled during acute pneumonia, rvhile 
the other fractions remained largely unchanged. Normally, he 
found, the y fraction accounted for about three-quarters of the 
globulin and the and « globulins for one-sixth and one-14th 
to one-15bh, respectively. Longsworth, Shedlovsky and j\Iac- 
Innes (64) found that the albumin/globulin quotient was generally 
lower in pathologic sera than in normal sera and that the a 
globubn/albumin quotient Avas higher than normal in sera from 
febrile patients. The y globulin/albumin quotient Avas elevated 
in aplastic anemia and rheumatic fever, and likcAvise the fi glo- 
bulin/albumin quotient in a number of diseases, especially ne- 
phrosis. 

In 1939 Nissen (76) drew attention to the change in the con- 
tent of plasma fibrinogen dining acute pneumonia. It is highly 
elevated, especially in scA'crc cases, and drops to normal as the 
patient recoA^ers. 

In addition to free proteins, normal serum also contains poly- 
meric carbohydrate complexes both in the serum albumin and 
in the globulin (82). Nilsson (75) showed that the content of this 
carbohydrate becomes elevated during acute pneumonia. Accord- 
ing to Friedeman and Sutliff (35), the same clcA'ation occurs 
during acute bacterial infections, acute nephritis and hyper- 
tension during pregnancy, and also in some cases of tuberculosis. 
The neudy formed polysaccharides differ from those occurring 
normally in that they can be broken doAvn into simple sugars 
and fermented to lactic acid by rapidly groAving strains of pneu- 
mococci. 

Little research has been done on the behavior of normal anti- 
bodies during acute disease. Wulff (108) obserA^ed an increase 
in the bactericide action of the serum on certain bacteria. His 
observation was gone into thoroughly by Hjorth (48). Tlie lysin, 
which Hjorth called X-lysin, appears in many diseases especially 
ones with high fcA^er, and is directed particularly against gram- 
negative cocci but also against a number of stajdiylococcic and 
pneumococcic strains. Patients Aiuth a normal temperature may 
also have X-lysin in their blood, especially ones suffering froin 
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malignant tumor. The X4ysin only appears after powerful irrita- 
tion of the organism, either in the form of infection or some 
other fever-causing agent or “auf einen Reiz aus dem Organismus 
selbst”. It is not absorbable and is contained in a borderUne 
fraction between globulin and albumin, with the greater part 
in the albumin. It consists of two components with different 
sensitivity to heat. Hjorth said that it shows great lilceness 
to ^-lysin (79) and to bactericide leukocytic substances. 

Tillett (90) found in 1937 that serum from acutely ill patients 
had an increased bacteriolytic action upon hemolytic strepto- 
cocci in vitro. 

The occurrence of antifibrinolysin has been studied, particu- • 
larly in connection with hemoljdic streptococcic infection for 
which it is considered specific (91). Boisvert (10) showed, how- 
ever, that this antibody also occurs nonspecifically in non- 
streptococcic infections, for example, during acute phases of 
pneumonia. Unlike the specific reaction, where the content of 
antifibrinolysin increases as the patient recovers, the nonspecific 
reaction is most powerful at the peak of the acute symptoms, 
and decreases and disappears together with' the latter. 

Tillett and Francis (92) reported that precipitins against the 
“somatic C-substance” of pneumococci (p. 11) occurred in high 
titer in sera from patients undergoing acute phases of infectious 
disease. Both streptococcic and pneumococcic infections gave rise 
to this reaction, and Tillett and Francis believed that it was a 
question of an anamnestic reaction against a species-specific 
polysaccharide, common to gram-positive cocci. 

Continuing the research of Tillett and Francis, Rachel Ash 
(4) found that precipitins against the C-fraction occurred irres- 
pective of whether the disease was caused by gram-positive or 
gram-negative bacteria. She could not produce the reaction in 
syphilis and only irregularly in tuberculosis. She wrote: ‘ In 
many instances there is a relationship between fever, increased 
rate of sedimentation and this phenomenon of precipitation but 
the relationship is not constant. The phenomenon is not one 
of maturation related to age or to previous infection since it may 
be observed in early infancy”. 

In 1934 Francis and Abernethy (34) showed that the occurrence 
of anti-C-substance in the serum was accompanied by skin hyper- 
sensitndty, if the C-polysaccharide was injected intracutaneously. 
This observation was confirmed later by Finland and Dowling 
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(32), and the agreement between tlie serologic and cutaneous 
reactions was still further stressed in a publication by Abernethy 
and Francis (3). 

Abernethy (1) found that the reaction could be produced in 
the monkey but not in the rabbit or mouse. 

In 1941 Abernethy and Avery (2) as well ns lilacLcod and 
Avery (68) published investigations Avhich threw still further 
light on the reaction between the C-polysaccharidc of ])ueumo- 
cocci and the serum during the acute stages of bacterial infection, 
which the authors called "acute phase’-' scrum. The following 
conclusions were drawn: The reactive com])onent of acute ])hnse 
serum is of protein nature and bound to the albumin fraction. 
Heating to over 65 C. deprives it of its reaciive power, and tlie 
presence of calcium ions are necessary for the precipitation. 
The C-reactive protein has good antigenic properties, differing 
in this respect from earlier known immune proteins. The immun- 
ization of rabbits with "acute phase" scrum gives an antiserum 
by means of which one can detect minimal amounts of "actitc 
phase” serum in humans or monkeys. 

I showed in 1939 (62) that under certain conditions, a substance 
occurred in blood serum which caused swelling of the ea}>sulcs 
of pneumonococci of types 27 and 28, sometimes also of typos 
9, 10, 16, 17, 18, 21 and 23. The bc.st results were obtained by 
using about twenty times greater dilution of the vaccines than 
in the regular slide agglutination method. Agglutination followed 
when the swelling was marked. 

Nonspecific capsular swelling seemed to occur regularly in 
pneumonia, less regularly in acute upper re.spiratory infections. 
In 120 healthy recruits just joining their regiment and coming 
from different parts of the country the reaction was absent. 
During an epidemic of acute respiratory infection the swelling 
was observed in the sera of about one third of 157 soldiers. This 
percentage was independent of the elevation of the body tem- 
perature. Complications developed chiefly among tlie soldiers 
whose sera showed this type of sw’clling. In the group with fever 
above 39 C., twelve complications (ten cases of pneumonia) 
occurred among the 36 per cent -which showed the reaction ns 
opposed to one complication among the 64 per cent which did 
not. Eighteen cases of lobar pneumonia and bronchopneumonia 
all showed the reaction. It -svas demonstrable in the first blood 
sample taken after admission to the hospital, viz. on the first 
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to seventh day. In 12 cases in which the disease ran a smooth 
course the swelling disappeared between the sixth and twelfth day. 
In the other cases it persisted and complications developed or 
the. disease ended fatally. In 1942 I published a further report 
(63) in which I demonstrated that nonspecific capsular swelling 
substance was present in the serum during acute stages of disease 
infections of varying origin and non-bacterial diseases charac- 
terized by absorption of disintegrating tissue. In the same year 
Carlens (14) showed with my method that nonspecific capsular 
swelling occurred to a large extent during the acute phase of acute 
otitis, and that the reaction remained positive a longer time in 
the cases complicated with mastoiditis than in the uncomplicated 
cases. Carlens also showed that the reaction occurred within twenty- 
four hours after sterile operations on the knee, in which every 
form of active infection could be ruled out. He also demonstrated 
that even nonspecific stimuli, such as sulphur suspended in oil 
(Allergol), caused the reaction and pointed out that this fact 
could possibly be used to check up on the nonspecific stimulating 
effect of these agents in, for example, allergic diseases (personal 
communication) . 


CHAPTEE 4. 

The Serolog'ic Properties of Nonspecific 
Capsular Swelling’. 

Metliods. 

The pneumococcic strains used in my experiments were with 
but few exceptions cultivated at the State Bacteriologic Labora- 
tory and their type according to Cooper determined with sera 
from Lederle’s laboratories in U. S. A. It was not considered 
necessary to use the revised classification of Kauffmann and co- 
workers. It makes Kttle difference to my results if the partial 
antigens of certain of the types used do not agree entirely with 
the international type sera which may be worked out later. 

The pneumococcic suspensions were either prepared directly after the isola- 
tion of the bacteria, or after the strains had been kept dried in a refrigerator. 
Virulent strains with good capsular forming capacity were used. The bacteria 
were allowed to grow for six to eight hours on hormone broth to which 0.1 per cent 
glucose had been added, and were killed by treatment with a 0.7 per cent solution 
of formaldehyde (2 per cent commercial formol) for eighteen hours at room tein- 
perature. After centrifuging, the bacteria were suspended in a physiologic salt 
solution containing 0.15 per cent formaldehyde. Bacterial suspensions prepared 
in this way can be kept for several years without losing their reactive properties. 
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The nonspocific capsulnr swelling reaction ^s•n8 carried ont with Pneumococcus 
time 27 (strain S. B. L. 005/37 and 27 L, tho latter obtained from Dr. Kauffinann 
at the Danish State Scrum Institute). In a number of cases the investigations were 
complcniented with typo 10 (strain S. 13. D. 530/3/ and .strain S. 13. D. OS.i/Il) 
and type 28 (strain S‘. B. L. A313/39) and comparative studies were made with 
the other pnoumoooccic type.s 1 to 32. 

As a rule, tlie slide method was used for demonstrating capsular 
swelling and agglutination. It was carried out according to the 
Neufeld method, as described by Lofstrom (Gl). 

A normal loopful of bacterial suspension is placed on a slide and mixed with a 
loopful of scrum, after which a loopful of Ixifflcr’s alkaline methylene blue diluted 
I ; 2 is added for staining. A cover glass is put on and half an hour later tho pre- 
paration is ready for observation under the microscope. An immersion lens and 
magnification of at least one thousand times arc used. Two phenomena aro looked 
for in tho microscope, firstly', capsular swelling, which generally' occiira instan- 
taneously, and secondly, agglutination, whicli often requires a certain length 
of time to become stabilized. 

As regards the density of bacteria in the suspension, it is desirable 
to have as few bacteria as possible per unit of sernm in order t o obtain 
as sensitive a reaction ns possible, and j'ct enough bacteria per field 
of vision so as not to prolong the microscopic examination unuccccs- 
sarily. A suitable density was found to corrcsjiond to a twcnt.yfold 
dilution of Burrough’s and Wcllcomc’s opacity tube number 3, whicli 
gave one to five bacteria per field of vision. 

In a previous communication I used certain signs for capsular 
swelling and agglutination, but I have since had to revise and adapt 
them to suit the lesser bacterial density used. The following is a list 
of the revised signs. 

+, 4 — 0 clumps containing 2 — 3 diplococci or chains. 

-p-p, several clumps of 4 — G agglutinated diplococci or chains. 

'i- ++, flocculation of most of the bacteria in largo or small clumjis. 

c, distinct capsular swelling. 

(c), distinct capsular swelling without clc.ar demarcation from surrounding fluid. 

The following points should ho kept in mind when performing the reaction 
and judging tho results. 

The suspensions should be shaken carefully each time before use. It is easier 
if a couple of glass beads arc put in each flask. 

The suspensions should bo kept at refrigerator temperature, the staining fluid 
at room temperature. Tho latter should be clear and tlic platinum loop must not 
be warm when inserted. 

Attention should be given to free bacteria and clumps; clumps wliich have sunk 
or become suspended on impurities should bo disrci^ardod. 

Agglutination is always uniformly distributed. Largo clumps in an otbenvise 
non-agglutinatcd preparation should be disregarded and likewise agglutination 
close to tho edge of the cover gln.ss. 


The Content of Nonspecific Capsnlar Swelling Snbstnnce 

in the Serum. 

The content of capsular swelling substance is low in comparison 
with that of immune antibodies. Sera with a liigh content seldom bind 
more than 1,000 million bacteria per milliliter of serum. Titration 
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of capsular s^yelIing is generally done in small test tubes and the 
reading done in tbe microscope (26). Another way is to titrate the 
serum on a slide with a constant amount of serum against increasing 
bacterial concentrations. ° 

The sensitivity of these two methods was compared. In the slide 
method the previously described basic bacterial suspension was called 
density 1 and the corresponding content of nonspecific capsular swelling 
substance titer 1. Densities 2 to 64 were then obtained by successive 
doubling of the bacterial concentration in density 1. Density 16 corre- 
sponds to about 1,000 million bacteria per milliliter. 

For titration in test tubes, constant bacterial concentrations, densities 1 and 
8, were used against decreasing serum dilutions; tbe first tube with undiluted 
serum gives the titer 1 : 2. When using the lower concentration of bacteria the 
titer 1 : 2 corresponds to the slide agglutination titer 1. The tubes were placed 
in a water bath of 50 C. for one hour and then kept in the refrigerator over night. 
The reaction was determined microscopically for the series in which hacteriai 
density 1 was used and macroscopically in the case of bacterial density 8. For 
the microscopic determination one drop from each tube was put on a slide. A 
drop of methylene blue was added, a cover glass laid on and the microscopic 
reading done. The preparation has the same appearance as in direct slide, agglu- 
tination. Capsular swelling and sometimes agglutination was observed in the 
drops from some of the tubes. 

Table 2 gives a comparison between slide and test tube titration, 
in ten different sera. 

Table 2. — Slide titration with Pneumococcus type 27 of nonspecific 
capsular swelling substance using a constant amonut of serum against 
increasing amounts of bacteria compared with test tube agglutination 

using decreasing amounts of serum against constant amounts of 

bacteria. 


j 

Sera 

Slide titration 
Titer 

Capsular SAvelling in 
test tubes 
Bacterial density 1 
Titer 

Agglutination in j 

test tubes 

Bacterial density 8 i 
TiteF j 

1 1 

0 

I / 

4 

' 

2, 0 ! 

1 2 

64 

8 

— s 

3 

16 

1 ■ 

8 

: 

i 

S 

I, 

. b 

2, 0 

! 5 

16 

‘ho 

2, 0 

6 

2 

1/ 

1 

0 

7 

4 

Vs 

2, 0 

8 

16 

■'s 

2, 0 

9 

16 

V' 4 

2, 0 

10 

16 

I ■' 

/ 1 

3, 2, 1 1 

11 

16 j 

1/ 

1 1<> 

2, 0 ! 


1 The first dilution used in test tube agglutination was Vj. The agglutination 
observed macroscopically was graded as follows: 3 = large clumps, not fusing 
together into a plaque; 2 and 1 = still finer clumps and less typical agglutination; 
2, 0 = agglutination of grade 2 with the dilution '/« and none in the '/, dilution. 



Tlu‘ tal)l(> shows that ti>c tasl tuho iiicthoil <;iv<'S ralhar imsatis- 
farlorv rosuhs in tin' oasn of both th«> larp'r ninl tho stnaih-v Inu-tnnal 
amount. Marrosi-opii'aHy typical aji^lvitinatioti was not ohscrv.ai in 
anv of the test tuho series. t,)n mieroseopie analysis the inethotl «ave 
a slightlv lo\v('r titer than the slide as'Kliititiatioii. \\ith<ntl info 

the cause of the lack of conformity hetween the capsular swelling and 
agulutination, 1 .>jhou1d like to jaVnit out that, as titration with a t'on- 
.'-'tnnt amount of serum apiinst. inercasint: amounts of l)aeteria did 
not prove inferior to the te.st-tnhc method for titrating the content, 
of nonspecific cajisnlar swi'llimi suhstance, 1 used the first methoil 
throughout mv work. 

In one section of my work 1 titrated the sp-cifie antil)odie‘’ in t»..t, 
tubes against haeterial density !<>. 

Scnsilivity io Tomporatuvo of Nnusporinr (‘upsulur 
Swolliiig: SuhstniK’o. 

The effect of teinjierature on the non'-jiecifie cap'Ular .'•wrliins; suit- 
stance was tested jxartly hy loue st«itage in a I'old room ( • ‘J ) t'.t 
and at room temperatiiri', and partly l>y In'.itim: to fiti '-“••C. jor dif- 
ferent lengths of time. 

Table :i. ~ The etrort on nousperUlr rap'>ulnr snelllin: Mih«Innre of 
stornsre at 12 - ••■•I ('. for one week* frstcil wltli I’ncniaoroccns 

tjjie 1*7. 
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NONSPECIFIC CAPSULAR S^VELL1NG. 


Table 3 sbows tbe sensitivity to cold temperature and table 4 to 
ordinary room temperature of sera -with varying contents of non- 
specific swelling substance. All tbe sera were .stored in a cold room 
from the time they were taken until the day for the first capsular 
swelling test. 


Table 4. — The elfect on nonspecific capsular swelling substance of 
storage at room temperature {18—22 C-b tested with Pneumococcus 

type 27. 


Sera 

1 

Original ! 
N.C.S. 1 

Daily tests during week of storage at room, 
temperature 


titer 

i 

1 

2 

^ i 

4 

5 

6 

7 i 

1 

28 

T 

0 







29 

1 

0 







30 

2 

2 

0 






31 

2 

2 


1 


1 


0 

32 

2 


2 


1 



1 

33 

4 

4 

4 

2 


0 



34 

4 


4 

0 





35 

4 


0 






36 

4 



2 


2 


■ 1 

37 

4 


4 


4 


2 


38 . 

4 


2 


2 



2 

39 

4 


2 


1 



0 

40 

8 

8 

8 

4 


4‘ 


4* 

41 

8 

4 


1 

0 




42 

8 


8 

8 


4 


4 

43 

8 



4 


4 


4 

44 

8 


4 


4 


2 

— 


' Agglutination but not capsular sivelling. 


It is seen that sera with a low content of the substance are more quickly 
weakened than sera with a high titer. Considering the uncertainty 
attending titration of this kind, the conclusion may be drawn that 
sera with titers equal to or exceeding i can stand a week’s storage 
in the refrigerator without any appreciable weakening. In one case 
with a titer of 4, however, tbe titer dropped to 1 in a week. Sera witb 
titers of 1 and 2 are generally weakened so much that they grow neg- 
ative witbin a week. _ ... 

Room temperature weakens still more the nonspecific capsular 
swelling substance. Weak sera are destroyed most quickly at this 
temperature but even sera witb a bigb content of tbe substance often 
showed distinct weakening during the week of observation; in some 
cases the agglutinizing capacity outlived the capsular swelling ability. 

Sera kept frozen retain their nonspecific capsular swelling capacity 
practically unchanged for several years. 
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The effect, of lu'iit was tlcternniH'rl in iwo ways, firstly, by lioatiiij,' 
at temperatiiros of 50, 00, 05 anil 70 C. for lialf an hour and, sroondly, 
bv heating at 50 C. for a longer time. Table 5 shows the resnlts of 
the first ('X])erimcnt and table 0 of the second. 


Table 5, — I’lie ptl'ccl on nonsppcltle cai>snlar snelllng substance of 
heating nt ilitrerent leniiHTatnrcs for hnlf an hour. 


.s’era 


X.O.S 
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IVstrsl wittl type 
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.J'. . . . 
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1 

1 
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10 

10 

10 
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8 

8 

1 
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•1 

•1 
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"i , 

2 lir>. ' •{ lit?:, i s bn. 25 hri. 


'U ‘ (I 

10 S } 0 

12 0 


Talile 7. — Tlio crfcct on nonspccUlc rapsnbir snelllncr snlisfnnce of 
heating for one hnlf hour at 05 C.. tested wltii I'ncunioencrns t\jn> 27. 
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, 1 . . . 
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JJONSPECIFIC CAPSULAR SWELLING. 


These two tables confirm the observation that when there is a high 
content of the substance in the serum, it is more resistant to heat 
than when there is a low content. An interesting point is that the 
substance remains active even after the serum has coagulated. 

The resistance of nonspecific capsular swelling substance to half an 
hour’s heating at 65 C. was studied in a number of blood specimens, 
and the results are seen from table 7. 

The table shows that the titer dropped to half its original value 
in 50 per ceirt of the cases where the original titer was 8, against 78. s 
per cent with titer 4 -and 85 per cent with titer 2. 

The Occurrence in Non-Immune Sera of Substances 
Wliicb Cause Agffliitination and Capsular Swelling 
of Other Pneiimococcic Types Besides Type 27. 

A number of sera were tested for their capacity to agglutinate 
and cause capsular swelling of other types of pneumococci in 
addition to type 27. Fifteen sera were chosen from cases of dif- 
ferent diseases in which the nonspecific capsular swelling was 
positive and fifteen sera from ill and healthy persons in which 
the reaction was negative with type 27. The ordinary slide method 
was used with bacterial density 1 for all the types. The upper 
half of table 8 shows sera causing nonspecific capsular swelling, 
the lower half the sera which did not. 

It is seen that the sera in the table had the capacity to react 
with several types of pneumococci. The content of the reacting 
substance was low, so low that earlier investigations of mine, 
in which a mixed vaccine with a bacterial density of about 16 
was used for each type of pneumococcus, rarely revealed any 
reactive substance apart from immune antibodies. AYhether the 
aggregation of pneumococci, graded with +, can he considered 
an antibody effect in the real sense is difficult to say. It is certain, 
however, that it constitutes an effect of the serum, since bacterial 
suspensions themselves never show any aggregation if they are 
well shaken before use. 

Types 16, 27 and 28 behaved differently from the rest of the 
pneumococcic types examined (table 8). Type 16 reacted with 
all the sera which contained nonspecific capsular swelling sub- 
stance, in many cases with distinct and typical capsular swellings 
in others with a reaction of type (c). Type 16 also reacted fairly 
often with sera from healthy persons and with other sera not 
causing nonspecific capsular swelling, but in these cases with 
only agglutination. Type 27 showed typical nonspecific capsular 
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swelling and reacted witli- only- one of the sera not containing 
nonspecific capsular swelling substance. Type 28 behaved in the 
same way as type 27 on the whole, but showed less distinct 
capsular swelling. The other types which reacted appeared to do 
so irrespectively of the presence of nonspecific capsular swell- 
ing substance, with the possible exception of some types, especially 
type 10, which reacted slightly more often with sera containing 
the substance. Thus it is possible with this experimeirtal arrange- 
ment to differentiate between different reactive substances oc- 
curring in serum, the nonspecific capsular swelling substance 
which always reacts with types 16, 27 and 28, apart from occa- 
sional exceptions in the case of type -28, ■ and substances of the 
nature of normal antibodies which react with a different irumber 
of types in different sera. 

To complement the foregoing investigation, serial experiments 
were done in three cases (83, 84 and 85) to see how the non- 
specific capsular swelling substance and normal antibodies varied 
during fever produced by injections of sulphur. These experiments 
are taken up in table 9. 

Case 83 was one of a 54-year-oId woman treated at the fourth medical 
service of St. Erik’s Hospital for organic heart disease and cerebral 
thrombosis. Sulphur injections were given after all the clinical signs 
had subsided and the heart was well compensated. The sulphur pre- 
paration used was Sulfosin (Leo) which contains 10 mg. of sulphur 
per milliliter of oil. The plan of dosage is seen from the table. 
Nonspecific capsular swelling substance appeared the first or second 
day after the injections. Types 16 and 27 reacted parallely on the 
whole. Type 28 gave a positive reaction before the injections were 
begun, probably due to the presence of normal antibofes. Types 2 
and 14 reacted positively in all the tests, because of the occurrence of 
normal antibodies. 

Case 84 was one of a 74-year-oId shoe salesman who had suffered 
from stomach ulcer and asthma for about ten years. In April of 1940 
gastro-enterostomy was performed. On Sept. 10, 1941 he fell ill suddenly 
with a large gastric hemorrhage and was admitted the next day to the 
fourth medical service of St. Erik’s Hospital. Blood analysis then 
showed 4,300,000 red blood cells, 9,b00 white blood cells and 70 per 
cent hemoglobin. Daring the fiist part of his hospital stay, he suffered 
from severe asthma, which decreased gradually after a time but in- 
creased again at the end of October. Blood studies at that time showed 
slight anemia but the temperature was normal. Injections of sulphur 
were given for desensitizing purposes on the 20th, 23rd and 26th of 
October, m doses of 0 . 2 , 0.4 and 0.8 Ml. The preparations used 
was Allergol (Astra) which contains 5 mg. of sulphur per milliliter of 
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Table S. — Testiug- of sera showing: a positive nonspecific capsular 

ag'ainst iineuinococci of 

(The letters after the case numbers refer to the diagnosis: A = healthv uersnno 
menmgitis, G = septicemia, H = leukemia, I = icterus, M = intestinal infection 


Mann and 
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oil. The temperature did not rise after these injections but no more 
were given because of an increase in the asthma. On October 30 
status asthmaticus with circulatory collapse developed. The next day 
the temperature rose to 38 C. and remained around 38.5 C. during 
the following week. At the same time, the white blood corpuscles 
rose from a normal level to between 11,000 and 15,000 and the sedi- 
mentation rate, which had been only slightly elevated, rose, reaching 
a maximum of 46 mm. in one hour on November 4. Pneumonia was 
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swelUu^ 
types 1 to 3: 

B = pneumonia, C = salmonella diseases, D = poliomyelitis B = cancer, F = 
(not salmonella). Types 6 a and 6 m correspond to types 6 b and 6 a (IIapitf- 
co- workers). 


reaction (upper half) and a negative reaction (lower half) 
' (Cooperj; 

salmonella diseases, D = poliomyelitis, B = cancer, F ^ 
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suspected but uo signs of it could be observed roentgenographically. 
After treatment witb oxygen and powerful cardiac and vascular 
stimulation, on November 5 rapid improvement set in and the patient 
was discharged from the hospital ten days later. On November 29 
he returned with a severe recurrence of his asthma. 

The sulphur did not cause the formation of nonspecific capsular 
swelling substance, probably because too small doses were given. On the 
other hand, the fever of obscure origin occurring from October 30 to 
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Table 9,. — The occurrence of nonspecific capsular swelling substance 
aud other substances reacting with pneuinococci without being iuimuno 
antibodies in sera from cases of experimentally produced nonspecific 
capsular swelling substance. 
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November 5 Avas accompanied l) 3 ‘a ri.-^c in flic c(mtcnt of iltc stili.':(aiu’c, 
manifested in an increased liter for tv[i(' 27 and raji'-tilar SAvclIiriL' of 
tA-pc 28. Normal antibodies ncainst bofb type IG ami type 2S .‘-■ccm to 
have occurred, for jiositivc reactions with ll'icsc types were obtained in 
all the specimen.s c.vcopt for tlio, one of November 2‘.l. For the re.<t, 
normal antibodies aeainsl .several pneumocoeeie. types were present’ 
there being specially intense reactions in the case of types Gin, l.G 
and IS. The amount of normal antibodies seems to have ‘been lareer 
directly after admi.«sion to the hospital and .showed no definite relathm 
to the fever and condition in other respects. 

Cn.se S5 AAus one of a 'lo-A’car-old inentallv diseased woman treated 
in the psychiatric, ward of tSt. Erik’s Ifosjutal since I'.i.'t.'b Her somatic 
coiulition showed nothin" of note. She reacted powerfully to tln'Sul- 
fosm mjoctions, .showing a type 27 titer of up to :52. Tvpe IG reaefed 
largely parallel to type, 27 and the same was true of type, 28 which. 
howcA-er, proliaiily reacted Avith Avealc normal antibodies too It. i*-- 
particularly mtercstiug that types 10. IS and 2:’. onlv reacted witli 
•sera with a liigh content of nonsjiecific cajisular sweiriug .substance. 


The Efrcct of Cnkimn on tlie Iknclion Between 1‘nennio- 
cocci and Nonspecific Capsnlnr SAvellini; Snltsiunce 
and Betpoen I'ncninococci and Nonnnl 
and Irnmnne Aiifihodies. 


After Abcrncthy, MacLeod and Avorv had sliown that tl.e 
reaction betAveen the C-poly.saccharide of pne.nnoco<-ci and ■•ac.to 
phase scrum did not take jilncc if the calcium ions Avere removed 
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NONSPECIFIC CAPSULAB SIVELLING. 

from tlie serum, Carlens examined nonspecific capsular swelling 
from this viewpoint and found that it did not occur if the 
calcium was precipitated. 

I have verified Carlens’ observations through experiments of 
my own. I added 0.2 per cent potassium oxalate to serum (0.02 
Ml. of a 10 per cent solution per milliliter of serum) or used 
oxalate cloth when plasma was desired. As appears from the 
following tables this procedure caused the disappearance of cap- 
sular swelling. The same results were obtained when serum was 
dialyzed against a phosphate buffer as is shown by the electro- 
phoretic experiments described later on. On recalcification, the 
swelling re-appeared, which would indicate that the presence of 
calcium must be necessary for its development. 

Table 10 shows the observations before and after the addition 
of oxalate in sera containing normal antibodies in addition to 
nonspecific capsular swelling substance and immune antibodies 
in one case. 

Apart from a few exceptions, types 16, 27 and 28 ceased to 
react after the oxalate was added and thus their reactions must 
have consisted of nonspecific capsular swelling. The exceptions 
occurred in case 86 for type 16 and to a still greater degree in 
case 84, where the reaction persisted despite the presence of ox- 
alate, and in case 87 for types 27 and 28 where the swelling was 
also not affected hy the addition of oxalate. The normal anti- 
bodies reacted well even in calcium-free serum, and consequently 
the reactive substances against type 16 in cases 84 and 86 and 
against types 27 and 28 in case 87 must have been comprised, 
in part at least, of normal antibodies. The type 10 and type 23 
reactions in case 85 were greatly influenced by the addition of 
oxalate, but weak agglutination persisted in the calcium-free 
serum. The specific agglutinins against type 3 in. case 86 reacted 
independently of the presence of calcium. 

In order to throw further light on the question whether specific 
antibodies against type 27 could appear at tbe same time as 
nonspecific capsular swelling substance, one subject was vaccin- 
ated with killed type 27 pneumococci. Table 11 shows this ex- 
periment. 

Case 92, MissG. P., aged 45, undergoing treatment for obesity at the 
hospital, offered herself voluntarily for the experiment. The vaccine 
had a bacterial density of 16 and was suspended m physiologic salt 
solution to which O.i per cent commercial formol was added. It was 
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Untr. = untre.ited scrum. Ox. ^ oxnlatcd senira. 
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Table 11. — Yacciriation of la-year-old woman (case 92) with pneuino 

coccic vaccine type 27. 

The reactive substances against Pneumococcus types 16, 27 and 28 were 
determined both before and after the addition of potassium oxalate. 

Untr. = untreated serum. Ox. = oxalated serum; 


Reacting types of pneumococci Titer 
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injected intramuscularly according to the plan of dosage given in the 
table. The first two injections were followed by only slight malaise 
and fever for a few hours, but the day after the third dose the patient 
suffered from severe chill and her temperature rose to 40 C. The fever 
persisted the next day and the patient felt weak and tired. Two days 
later the symptoms had disappeared altogether. The fourth and fifth 
injections were followed by only a short period of malaise. 

It appears from the table that nonspecific capsular swelling 
substance occurred after all except the first injection, as can be 
seen most easily from the type 16 and 28 reactions. Substances 
sensitive to oxalate appeared the day after the injections and 
disappeared after a few days. Type 16 seems to have reacted 
to a certain extent with weak normal antibodies as well. After the 
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ihircl injoction tiio undvatod .«eium showed ii type 27 (iter of H, 
while the oxalated hhtod j;ave (iter I of the ‘J-jdtis type. Thus 
both nonspecific capsular swelling, siihstauee and speeifie. anti- 
bodies were jivesent. and reacted simultaneously with type 27. 
After a lime the immune anlibtnly titer inereaseil aiifl concealed 
the non-specific cap.sular swellintt .’Uibstance, the pres’-nce of which 
was manifested, however, in (he .siiiudtaneously occiirrinf-t lyjif 
l(i and 2S reactions. 

Still further experiments wen- dote* in order to examitie the 
.significance of calcium ions to nonspecific capsular .sweltim.'. 
Specimens were taken from a number of jurtients with pneumonia 
])artlv as ordinarv coagulateil blood sam)>le‘- and partly as he- 
jtarinir.ed and oxidiited bh>od. 'I h*- oxalated blood was r<'ealeifie<| 
whereupon the fibrin was precipitated, ‘i'iie senim or plasin.a 
was examined for nonspecific <-ap‘-nlar swellint: snledanci' iit the 
ordinarv way and the residts apj>ear from taide 12. 

Tattle IC. — The (irrurrenre tif antt*.jicrinr r.ajtMilnr "nrlUac •.tilolntiri’ 
la untreated senna, lie|tarliilred sernin. oxalated senna and rcrnlellled 


oxalated sonuti. 

Ic'-ted nitli I'neintioeiireus ijpe 2’. 
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Oxfilxte.l 
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o 

UcexIiificU <iNntn<-il . . 
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1 
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Tidtle 12 further sujiports the <il)'‘Tvation lltal tin- prc'-enee 
of calcium ions is iicees*;ary for m>n'-perifie capMilar .‘ Vielling, 
An ant icoatitdanf such as heparin is of no importanre. 

Absorption 'IVsts. 

The following method was iisetl for the ab‘-itrjition experiiiient,'>, 
OiKt milliliter <if jt hactt-rial -suspcnsic>n ttf fixed <h*n^ut v teas 
centrifuged, and the ]trecipi(ate .susivuded in one milliliter of 
(ho .serum to he ahsorhed. One hour at room tempi-riiture wjis 
allowed for the hinding. 

jrhe e.xperiments wen- done firstly with pneiiniococcic types 
-7 and 28. Secondly, hacteria like ]’jieuniocoi-etiH tv|ie'i I ami ys, 
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NONSPECIFIC CAPSULAR SWELLING. 


alpha and beta streptococci and Esch. coli were tested for their 
power to bind nonspecific capsular swelling substance. For control 
purposes kaolin was used as a nonspecific absorbent. A bacterial 
density twice as large as the titer of the substance was used 
for the absorption with types 27 and 28 and one ten to one- 
hundred times as great for the absorption with the other bacteria. 
Table 13 takes up these experiments. 

Table 13. — -Absorption of four sera with (UlTcrcni contents of non- 
specific capsular swelling substance witli rtlffcrcnt absorbents. 

A27, -^28, Al, A18, Am, Aft a7id Acoli denote ser.a after absorption ivith bacterial 
suspensions of Pneumococcus type 27, type 28, typo 1, tj'-po 18, alpha streptococci, 
beta streptococci and Eschcrichin coli. A kaolin denotes sera after absorption with 
kaolin in concentrations witli about the same optic density ns the corresponding 

hncterinl suspensions. 


Scrum 

from 

case 

Original 

titer 

Bacterial 
density 
used in 
absorption 

Titer after absorption, tested against 
Pneumococcus typo 27 

A27 

A2S 

Al 

A18 


A, 9 

A coli 

A knolin | 

1 


8 

10 

0 

0 

4 





i 

1 

1 


SO 



1 





8 i 

tl8 


800 



0 





i 

r 

10 

3() 

0 

0 

8 

4 

8 

IG 

IG 

16 [ 



IGO 



9 

2 

4 

8 

8 

IG 

on 


IGOO 



0 

0 

0 

2 

0 

16 


8 

IG 

0 

0 









SO 



1 

4 

4 

8 

8 

8 

100 


800 



0 

0 

0 

1 

4 

4 


4 

8 

0 

0 



1 



( 

) 

' 


40 



1 

2 

2 

2 

4 

: 4 

1 101 


400 



0 

0 

0 

0 

2 

I 4 


In order better to judge tlic results of these experiments, the 
absorption of immune antibodies under the same conditions 
was examined. In one case serum was diluted with physiologic 
salt solution, so as to make the immune antibody titer correspond 
to those of the nonspecific capsular swelling substance. The same 
method was used otherwise. Table 14 shows the results of these 
investigations. 

Table 13 shows that the nonspecific capsular swelling substance 
was easily absorbed by Pneumococcus types 27 and 28, but the 
effect of the other bacteria tested was more difficult to estimate. 
They showed absorption when the greatest bacterial concentra- 
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Table 14. — Absorption experiments Avitli immune sera against pnenmo* 
cocci of types 1 and 5 ivith the same bacterial absorbents as in tlie 

foregoing experiment. 


Serum 

from 

P. 

type 

Dilu- 

tion 


Bact. 
density 
nsed in 
absorption 

Titer after absorption, tested against 
Pneumococcus type 1 or 5 

A27 

A28 

A1 

A18 

Aa 

Ay9 

A coli 


1 

V, 

IG 

16 

1600 

4 

8 

0 

16 

8 

8 

. 

8 

B 

1 

0 

IG 

■I 

16 


0 

8 

8 

8 

16 

Vacc.* 1 5 

0 

16 ■ 

1600 i 

8 

16 

16 1 16 

16 

16 

16 


‘ Mixed serum from military recruits vaccinated against Pneumococcus type 5. 


tion was used and this was especially true of types 1 and 18, 
while kaolin caused no absorption. Table 14 shows that specific 
antibodies were but little influenced by even large amounts of 
heterologous bacteria. Whether this difference was due to the 
nonspecific capsular swelling substance being more unstable 
than immune antibodies, is not possible to say. 

Experiments were also done to test the sensitivity of normal 
antibodies to absorption with homologous and heterologous 
types of pneumococci. Bacterial density 16 was used except in 
the cases where the titer of one of the antibodies was higher than 
16, in which case a corresponding bacterial titer was used. The 
experiments in table 15 and 16 cover the absorption of both 
normal antibodies and nonspecific capsular swelling substance. 

As in the case of tables 13 and 14, it must be kept in mind 
when judging the results that the antibodies had a low concentra- 
tion. It appears, however, that normal antibodies were absorbed 
specifically, but to what degree heterologous absorption occurred 
cannot be judged from this material. The immune antibodies 
against type 3 in case 86 were absorbed strictly specifically 

The absorption tests cast further light upon the previous 
oxalate experiments. They show that the type 16 reaction in 
case 84 had the character of a normal antibody reaction and 
further strengthen the suspicion that type 23 reacted with non- 
specific capsular swelling substance in case 85, as the type 23 
reaction disappeared after absorption with type 16, 27 and 28 
In case 87 ttee appeared to be both nonspecific capsular swelling 
substance, winch was absorbed by type 27 causing the type 16 
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NONSPECIFIC CAPSULAR SWELLING. 


Table 15. — Absorption of norninl antibodies ng-ainst pneumococci coiimnr 
tlio absorption of nonspociflc capsnlar sweliine substance. 


■ 

1 

Bnct. 
density 
used in 
absorption 

Original 

titer 



Titer after absorption 

— 

==5 

A2 

A3 


A14 

A15 

A16 

A17 

A18 

A23 

A27 !as 


2 

16 

1 

0 

■ 

■ 

1 


1 




1 



14 

)> 

1 

1 

■ 

■ 

9 


1 




1 


S3 

16 

D 

4 

4 

■ 

■ 

4 


0 




0 



27 

)> 

4 

4 

■ 

■ 

4 


4 




0 



28 


4 

2 

■ 

H 

4 


0 




0 



6m 


8 



m 


2 

1 


4 


1 


i 

) 

15 





2 


0 

2 


2 


1 


S4 

16 

A 




1 


1 



1 


1 



IS 

» 

1 



1 


1 



0 


1 



27 

A 

1 



0 


0 



0 


0 


i 

16 

32 

16 






ID 

■ 

■ 


0 


! 

23 

6 

4 






Bl 

■ 

■ 


0 


85 

27 

0 

32 







■ 

■ 

8 

0 



28 


8 







H 

■ 

D 

0 



16 

16 

16 






0 

8 



El 


S6 

17 


4 






4 

El 



4 


Vio 

27 

9 

16 






4 

8 



0 



28 

n 

16 


1 



■i 

8 



0 



3> 

0 

16 


0 




16 

16 



16 


86 

16 

l> 

16 


8 




0 

8 



8 

1 

•-V.0 

17 

i> 

16 


16 




8 

0 



16 



16 

64 

4 






0 



4 

0 



23 

ft 

16 






IS 



0 

8 

w 

87 

27 

ft 

64 , 





6 



32 

0 

IG 


28 

ft 

8 ' 





0 



2 

0 

0 


16 

16 

4 




1 


0 

4 



0 


88 

17 

» 

16 






8 

0 



8 



27 

ft 

16 





. 

4 

8 



0 



^ Immune antibodies. 


and 28 reactions to disaiipear, and normal antibodies against 
type 27, which withstood absorption with types 16 and 28. How- 
ever, absorption does not give any definite explanation for the 
type 16 reaction in case 86; in the specimen of October 4 the 
reactive substance was absorbed by both type 27 and type 28, 
but heterologous absorption did not occur in the specimen of 
October 24. 

The nonspecific capsular swelling substance was absorbed by 
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Table 16. — Absorption of nonspecific capsniar SAvelling substance 
uitli pneninococci of types 16, 27, and 28. 


Serum 

from 

P. 

type 

Baot. density 
used in 

Original 

Titer after absorption 

titer 




case 

tested 

absorption 

A16 

A27 

A28 


16 

16 

4 

0 


0 

89 

27 

}) 

S 

4 


0 

28 

» 

8 

0 


0 


27 

64 


0 




16 

16 

8 

0 

0 

0 

90 

27 

D 

8 

8 


0 

28 


8 

0 

0 

0 


27 

64 






16 

16 

8 

0 


0 

91 

27 

1) 

8 

2 


■■ 

28 

» 

4 

0 


■■ 


27 

64 


0 




16 

16 

2 

0 



92 

27 


4 

4 


4 

28 

» I 

2 

0 

0 

mm 


27 

64 1 


4 

; 

4 


types 27 and 28 in case 83, 85 and 86 in table 15 and in cases 89, 
90 and 91 in table 16. Type 16 absorbed nonspecific capsular 
swelling substance reciprocally in regard to type 28 (cases 83, 
85 and 87 in table 15 and cases 89, 90 and 91 in table 16) 
witb one exception, case 86, udiere tbe type 28 reaction remained 
even after tbe absorption. Tbe nonspecific type 27 reaction was 
not as easily affected by absorption wdtb type 16, as is seen 
specially from cases 89, 90 and 91. Bacterial density 16 of type 
16 absorbed tbe reactive substance for types 16 and 28, while 
the type 27 titer only decreased. Density 64 of type 16 was suf- 
ficient, however, to cause tbe disappearance of tbe t}rpe 27 reac- 
tion as well in cases 89 and 91. 


In case 92 in table 16 the absorption showed that nonspecific 
capsular swelling substance occurred together witb immune anti- 
bodies against type 27 in the serum. Tbe blood specimen was 
aken three days after tbe fourth injection of vaccine (table 11). 
Density 16 of type 27 absorbed tbe nonspecific capsular swelling 
substance, causing the disappearance of the type 16 and type 28 
reactions but not even density 64 of types 16 and 28 could 
decrease tbe content of immune antibodies. 
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NONSPECIFIC CAPSULAR SWELLING. 


Attempts to Estimate tlie Antibacterial Capacity of 
Nonspecific Capsular Swelling Substance. 

The antibacterial capacity of nonspecific capsular swelling substance 
^Yas tested with pneumococci of types 27 and 28. Pneumococcus type 1 
was used for control experiments. 

The pncumococcic strains used in these exporiinents were kept dried in a cold 
room. One stock tube was consumed for each experiment. In the morning tlie tubes 
containing the dried culture were filled with broth (meat extract broth plus 10 
per cent ascitic fluid and 0.1 per cent dextrose). The culture was allowed to grow 
during the day, and then 0.5 Ml. of a .suitable culture dilution was injected intra- 
peritoncally into a white mouse. The next day, when the mouse was dyiiig or 
dead, broth cultures were made from the cardiac blood. After the bacteria had 
grown for six to eight hour.s at 37 C., tlie main experiment was done. Tlic cultures 
wore diluted according to the virnlcncc of the strain, and undiluted serum was 
mixed in the test tribe with equal parts of culture dilution. After half an hour, 
0.4 Ml. of these mixtures were injected intrapcritoncnlly into mice weighing 
between 10 and IS grams. The mice were kept under oliservation for four days. 
The animals used all came from the mice stoclcs of the laboratory, j 

Tlie sera tested showed a substance titer of 8 or IG. Control sera 
■were taken from uncomplicated cases of hj'pertension. Table 17 gives 
the results of these experiments. 

The nonspecific capsular swelling substance did not reduce the 
lethality in infections with pneumococci of types 1, 27 and 28 hut 
it appeared to give a certain amount of temporary protection against 
infections with tj^pes 27 and 28. Tlie number of animals dying during 
the first experimental day in the type 27 experiments •was 0 i 1 for 
the sera containing the substance and 21 ± 2.00 for the control sera, 
and the corresponding figures for the tj^ie 28 experiments were 3 ± 
1.5S and 11 i2.07. The differences were 21 ±3.li and 8±2.ci, 
respectively, thus proving statistically that the mortality during the 
first day in the case of both type 27 and type 28 infectious was lower 
for sera containing nonspecific capsular swelling substance than for 
control sera. The protective effect of the substance was only notice- 
able in the experimental series where such a large infecting dose was 
given that the control animals died within twcnty-foiir hours. The 
.same was not observed in the cases of type 1 infection ■where, on 
the contrary, tlie control sera seemed to give more protection than 
the sera containing the substance. 


Fr.'ictionation of Sera Containing Nonspecific 
Capsular Swelling Substance. 

As mentioned pre'viousljL MacLeod and Avery demonstrated, 
by means of the salting out process with sodium sulphate that 
the reactive substance in "acute jAiase” serum occurred in the 
albumin fraction. In order to compare nonspecific capsular 
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swelling substance with this substance and in order to study its 
relationship to normal antibodies, a number of fractioning ex- 
periments were done. 

Precipitation by half saturation with ammonium sulphate 
• showed that both nonspecific capsular swelling substance and 
normal antibodies were contained in the globulin fraction of 
serum. 

Serum (case 110) containing nonspecific capsular swelling 
substance and normal antibodies was dialyzed against distilled 
water for eighteen hours in a cellophane bag at 4 C, and the results 
are given in table 18. The precipitate obtained, euglobulin, was 
dissolved to its original volume in physiologic salt solution. 

The table shows that the active substances were present in 
the euglobulin. The yield of nonspecific capsular swelling substance 
was about 25 per cent. 

The nonspecific capsular swelling substance was also studied 
with electrophoresis.^ The apparatus used was of the Tiselius’ 
type with special arrangements for the separation of the different 
serum fractions as described by Svensson (89). A sample of serum 
from a patient with myocardial infarction (case 91) was kept 
frozen until the experiment six days later. 

The separation was done with undiluted serum at pH 7.0 (160 Ml. of fifth 
molar solution of NajHPOi and 20 MI. of a fifth molar solution of NajPO, per liter) 
at a temperature of -t- O.t C. for eighteen hours. A current of 17.0 milliamperes 
was used the first five hours and thereafter one of 7.0 milliamperes. Fractions 
were taken after 515 minutes and at the end of the experiment. The separation 
was done under optic supervision and it was observed that the albumin peak 
was duplicated, two albumin fractions occurring on the positive side. From the 
positive side were obtained fractions albumin I, albumin I -r H, albumin -p a 
and albumin -p a + and from the negative side fractions J’, / -p ,5, / -p ^ -p «? 
and y + ^ + a -j- albumin II. The fractions were examined for reactive substan- 
ces, both as they were obtained from the electrophoresis and after dialysis against 
physiologic salt solution containing 0,025 per cent of calcium chloride. The 
dialysis was done in order to add calcium as it had been precipitated by the 
buffer solution used in the electrophoresis. 

Table 19 shows the distribution of the nonspecific capsular 
swelling substance and of normal antibodies against types 18, 21 
and 31 in the different protein fractions. 

The table shows that there was no nonspecific capsular swelling 
substance in calcium-free serum, if one disregards the weak 
type 28 reactions for which no explanation is forthcoming. hTon- 
specific capsular swelling substance could be demonstrated in 

‘ The experiments were done by Dr. Harry Svensson at the Institute of Physical 
Chemistry of Uppsala University. 
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Table 17. - The nntibnctorinl capacity of nonspcciflc capsular sweUing 

1, 27 and 2S compared -with the 
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Clinical Symptoms. 

} 

III a large proportion of tlie cases prodromal symptoms were 
observed before the exantbema appeared. In the group with 
mucous membrane affections prodromes occmTed in one third of 
the cases, in the form of ))symptoms of a cokh), feverishness, in- 
disposition, cough, that is to say, uncharacteristic symptoms. 3 of 
the 28 had vomitings, 2 had pains in the joints, 1 had dysphagia. 
The prodromes lasted from 2 or 3 up to 8 days, occasionally longer. 

In the group with frank E. m., without symptoms from mucous 
membranes, the situation was about the same. Only two patients 
complained of pains in the joints before the exanthema appeared. 

In the group with combined B. m. and E. n., on the other hand, 
prodromes appeared in twice as many cases, namely, in two thirds 
of the patients, and here they were of a somewhat different char- 
acter: most often dysphagia, pains in the joints, as well as feverish- 
ness, coughing, fatigue — symptoms which are also met with in 
the prodromal stage of the franlc E. nodosum. 

The diagnoses on which the patients were admitted to hospital 
give a little hint respecting the clinical picture in the initial stage. 
A large number were admitted for acute rheumatism or rheumatic 
fever, some few for fever of unloioivn cause, rather many for ery- 
thema nodosum, some for meningitis or poliomyelitis, besides 
many different forms of exanthema. 

..‘Is regards the relationship between exanthema and mucous 
membrane affection, it has here not been possible to find any 
characteristic sequence in the symptoms. The general experience 
seems to have been that exanthema and mucous membrane 
symptoms appeared at the same time. In some few cases the 
stomatitis came some days before the exanthema, but the reverse 
order of appearance has also been observed. The affection of the 
eyes was occasionally not noted until somewhat later on in the 
course of the illness. We get a distinct impression that, clinically 
regarded, exanthema and mucous membrane symptoms are co- 
ordinate phenomena, and that we cannot speak of exanthema as 
a complication in stomatitis, or vice versa. 

Affection of the raucous membrane of the nose, often with 
epistaxis, was noted in 12 patients, suppurative otitis media in 
3, pharyngitis in 20, laryngitis in 6, including one patient with a 
large laryngeal ulcer, gastritis in 3, enteritis in 1 and affection of 
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Table 18. — Dialysis of scrum containing nonspecific capsular swellino’ 
substance and normal antibodies against pneumococci of types 10 * 

and 18. 


Case 110 

N.G.S. 

Normal antibodies 

type 27 

type 16 

type 10 

type 18 

Untreated serum 

s 


((?) 

(c) 

Water-insoluble fraction 

2 

c+ 

(c) 

c-b 

Serum minus water-insoluble fraction . 

0 

0 

0 

0 


Table 19. — - Electrophoretic fractionation of human serum containin 
nonspecific capsular swelling substance and normal antibodies agains 
pneumococci of types IS, 21 and 31, showing the content of reactive 
substances before and after recalciflcation. 

Before fractionation the serum sliowed a titer of S for type 16. of 2 for type 18 and 
21 and of 8 for type 27, 28 and 31. 





Eeactin 

g types of pneumococci 

Titer 


Case 91 
Praction.s 



Before dialysis 




After dialysis 



16 

CO 

21 

27 

28 

31 

16 

18 

21 

27 

28 

31 I 

Positive side 
Albumin I . . 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Albumin 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Albumin -f « . 

0 

0 

0 

0 

0 

0 

l:(c)> 

0 

0 

l:(c) 

l:(c) 

0 

Albumin-b et-j- /? 

0 

0 

0 

0 

l:(c) 

0 

4 

2 

1 

4 

4 

0 

Negative side 

0 

■f 

1: -f 

0 

l:(c) 

l:(c) 

2 

0 

l:-b 

2 

2 

1:{0) + 

• ' ' « 

y+/3+a7 . - - 

0 

2 

l:(c) + 

0 

l:(c) 

4 

2 

2 

1:4- 

4 

4 


0 

2 

2 

0 

l:(c) 

4 

4 

2 

2 

4 

4 

4 1 

-l-« -)-alb. H 

0 

1 

2 

0 

Idc) 

8 

8 

1 

1 

8 

4 



' l:(c) denotes titer 1 -with capsular swelling of type (c). 


recalcified serum in all fractions of the negative side, and on the 
positive side in the albumin ^ a -j- ^ fraction together vith a 
trace in the albumin + a fraction. The original titer for the sub- 
stance was 8, and half the actmty occurred in the albumin 
a -j- y + i? + a? and y -h ^ fractions, with the exception of 
the type 16 reaction which only had a titer of 2 in the y -f /? 
fraction. The y fraction reacted with a titer of 2 with both type 
16 and types 27 and 28. 
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Althougli one lias to be cautions about conclusions because of 
the weak serologic reactions, the experiment would indicate that 
the nonspecific capsular swelling substance moved faster than 
the y globulin, as it occurred on the positive side in a y-free 
fraction, but slower than the albumin, as it was not present in 
the albumin fraction. 

The reactive substance against pneumococci of types 18, 
21 and 31 occurred in calcium-free serum only in fractions from 
the negative side and therefore moved slower than nonspecific 
capsular swelling substance. In recalcified serum reactive sub- 
stances against types 18 and 21 were also found in the positive 
side’s albumin + a -f- fraction, which might indicate that these 
types reacted with nonspecific capsular swelling substance in 
this fraction. 

Another electrophoretic experiment was done with a specimen 
of serum from a patient in the psychiatric ward of St. Erik’s 
Hospital (case 111). Nonspecific capsular swelling substance 
was produced by the subcutaneous injection of 3 Ml. of Sulfosin 
on July 30, 1942. The blood specimen was taken two days later 
and the serum then kept frozen. 

The experiment was done with undiluted serum on August 11 (experiment 
23) and again on August 20 (experiment 27) in a standard Tiselius apparatus. 

The pH was 7.0 and the temperature •+• 0.5 C. In experiment 23 current of 
19.4 miUiamperes was used during the first four hours and afterwards one of 
2.2 miUiamperes, and in experiment 27 one of 20.9 miUiamperes was used 
throughout. Experiment 23 was allowed to proceed for twenty hours. At the end 
fractions albumin ct + and albumin -{■ P + y wore taken under optic 
supervision from the positive side and fractions y Pi + and y p + a 
-f albumin from the negative side. Experiment 27 was kept up for 248 minutes. 
At the end, fractions albumin a and albumin + P y were isolated 
from the positive side and fractions y + P + a and y + P + a + albumin from 
the negative side. 

The serum contained nonspecific capsular swelling substance 
but not normal antibodies. Table 20 shows, the distribution of 
the nonspecific capsular swelling substance over the different 
fractions. 

In experiment 23 the top fraction on the positive side, albumin 
-f a -f (7, contained reactive substance and the top fraction 
on the negative side none. In experiment 27 the top fraction 
on the positive side, albumin u, contained weak reactive sub- 
stance, while the negative side’s y -}-/?+ a fraction still con- 
tained none. 

The concentrations of the a and /? globulins in the top fractions 
compared with the content of substance are seen in table 21. 
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Tftl)lc 20. — Electrophoretic frftctionntion of human serum containing 
nonspecillc capsular swelling suhstance, and taken two days after tlie 
subcutaneous injection of Snlfosin. 

Before the fractionation, the serum showed a titer of 16 for types 16 and 27 anri 

of 32 for type 32. 



Reacting types of pneumococci 

Titer } 

Case 111 

Experiment 23 Fractions 

Before dialysis 

After dialysis 


16 

27 

2S 

16 

27 

28 

Positive side 







Albumin-j-a-i-^ 

0 

0 

0 

2 

2 

1 

Alhumin-f 

0 

0 

0 

8 

4 

4 

• 

Negative side 







/+/5i+/9: 



0 




/-f yS+a+alh 



0 

16 

8 

4 

Experiment 27 Fractions 







Positive side 







Albumin-frt 

0 

0 


1 

1 

1 

Albumin-f-rt+/9+y 




8 

4 

4 

Negative side 







^'+/3+a 

0 

0 

0 

0 

0 

0 

;'+/9+n+alb 

0 

n 

0 

16 

s 

4 


Table 21. — The content of nonspecillc capsular swelling substance 
in the top fractious in experiments 23 and 27 compared with the con- 
centrntions of « and p globulin in the same fractions, in per cent of 
the concentrations in the serum. 


Experiment 23 

Top fractions 


Concentrations in 

per cent 


N.C.S. 

a 

A 

A 

P 

Albumin + ft +/? 

25 

56 

— 


22 

y+/7i+/92 

0 

0 

( 

18 

25 

Experiment 27 






Top fractions 






Albumin +« 

12.5 

20 


— 

<1 

/+yS+« 

0 

< 9 

24 

36 

60 






















• SEROLOGIC PROPERTIES. 


49 


Nonspecific capsular swelling substance occurred in fractions 
containing a in more tlian 12.5 per cent. A lower content of the 
substance is not titratable when the original titer is 8. The 
substance was present in (?-free fractions, albumin + «, but was 
lacking in fractions with a high /? content, y + + a. 

Comparison of the three electrophoretic experiments shows 
that the results of the first and the second two do not entirely 
agree. The fraction albumin + a + /? contained active sub- 
stance in the first experiment and experiment 23, and likewise 
fraction albumin -}- a showed a trace of activity in the first ex- 
periment and experiment 27. In the first experiment, all the frac- 
tions of the negative side contained active substance, but in 
experiments 23 and 27 it was lacking in both y + + /!» 

y |3 cc. The results of experiments 23 and 27 would indicate 
that the active substance was present in the a fraction and that 
the concentration of a in the y + P -{- a fraction in experiment 
27 was too low to cause the capsular swelling reaction. 

In summary, the electrophoretic experiments show that the 
nonspecific capsular swelling substance belongs to the globulin 
fraction of the serum and moves faster than the y globulin, 
but they reveal nothing definite about their relation.ship to the 
/? and a globulins. The normal antibodies which are found in 
calcium-free serum probably belong to the- y globulin. Further 
research is necessary to clear up these problems. 


Attempts to Produce Nonspecific Capsular Swelling 
Substance Experimentally in Man. 

As already reported, Carlens examined the serum of patients 
given injections of colloidal sulphur for desensitization and found 
nonspecific capsular swelling substance in all the cases where 
good fever reactions were produced. 

I made similar experiments, using the sulphur preparation 
Sujfosin (Leo) which contains 10 mg. of sublimed sulphur per 
milliliter of oil. The experimental subjects were patients in the 
psychiatric ward of St. Erik’s Hospital and samples of blood were 
taken during the fever therapy. Figure 1 shows the cases studied. 

The subjects were all women between the ages of 30 and 50 
and had been treated for several years at the hospital under 
the diagnosis schizophrenia. In case 85 the blood samples were 
taken in connection with the second and third Sulfosin injection of a 

i—4240G5 
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series, in case 113 in connection with, the eighth injection, and in 
cases 114 and 115 from the beginning of the series. The first two 
patients (cases 85 and 113) had received similar treatment earlier 
in the year; the second two patients (cases 114 and 115) had had 
no such treatment for several years. The experiments showed 
that the Sulfosin produced nonspecific capsular swelling sub- 
stance in all the cases, and that the amount of the substance 
generally reached a maximum on the second to third day after 
the injection. The concentrations then decreased and the blood 
tests became negative within a week. The fever peaks culminated 
within twenty-four hours after the injection, and thus the fluc- 
tuations in body temperature did not run parallel with the changes 
in the concentrations of the substance. It seems, however, as if 
the highest content of substance was reached in the cases which 
showed the most violent fever reactions. 
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CHAPTER 5. 

Tlie OccuiTGUCG of ^Nonspecific Ccii)Stil*ir 
Swelling Substance and Normal Antibodies 
Against Pneumococci in Blood from the Horse, 
Rabbit and Griiinea Pig. 

When investigating into the occurrence of nonspecific capsular 
swelling substance in horse, rabbit and guinea pig blood, the 
reactive substances found had to be divided into nonspecific 
capsular swelling substance and normal antibodies, as in the 
case of man. Substances which were not present in normal serum, 
but which appeared in acute stages of disease and which required 
the presence of calcium for their reaction with antigen to be 
microscopicallj'’ visible, w'crc counted as nonspecifie capsular 
swelling substance. Normal antibodies occur in normal sera and 
their reaction with antigen is independent of calcium. The same 
method was used for the study of the animal sera as that pre- 
viously used. 


Exaiuiiiatioii of Horse Serum. 

First, I examined the sera from healthy horses which had 
never been used for the production of immune serum or 
which had not undergone any immunization for two months 
before the blood was taken. The latter consisted for the most 
part of horses used for the production of antidiphtheric serum, 
never inoculated with bacteria of any kind. The results of the 
examination for normal antibodies appear from table 22. 

The horse sera reacted with a large number of pncuinococcic 
types with certain individual variations for the different animals. 
In order to try to produce capsular swelling substance, the liorses 
Gregor, Gamin and Grabo -were inoculated several times with 
diphtheric toxin mixed with tapioca. A high fever developed 
after the injections but the sera contained about the same normal 
antibodies as before the injection, and no substance comparable 
with the nonspecific capsular swelling substance in man was 
encountered. 



The occurrence of normal antibodies asainst pneumococci of types 1-: 
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OCCURRENCE IN' ANISLA.LS. 


Examination of Rabl)it Serum. 

Rabbits proved to be more suitable animals for tbe production 
of capsular swelling substance. In preliminary testing of nine 
rabbits weighing about 2.5 Kg., no normal antibodies against 
pneumococci of types 1 to 32 were observed. Five of tbe animals 
were given intramuscular injections of Sulfosin in one tbigb, 
and blood was taken tbrougb cardiac puncture almost daily 
thereafter. Type 16 reacted ivith sera from four of the five rab- 
bits after the injection, showing capsular swelling and agglutina- 
tion. Types 27 and 28 reacted much less, the former only occa- 
sionally with weak and indistinct capsular swelling, the latter 
more but only in sera with a relatively high titer for type 16. 
Nor did the other types of pneumococci react with these sera 
after the nonspecific stimulation. Two of these experiments, 
covering the reacting types, 16, 27 and 28, are shown in the 
upper third of figure 2. 

The middle third of figure 2 shows the results of vaccinating 
four rabbits with intravenous injections of killed Pneumococcus 
type 3. The vaccine had a density of 100. Despite this fairly inten- 
sive immunization, specific agglutination was not observed in 
three of the four animals. The fourth, rabbit 1, gave a weak spe- 
cific reaction on the twelfth day. On the other hand, all the ani- 
mals’ sera reacted ivith type 16 and to a certain extent with 
type 28 after the injections. Type 27 did not react with any of 
the sera. 

Eight rabbits were immunized with pneumococcic type 1 vac- 
cine of a density of 160 in order to permit a study of the behavior 
of nonspecific capsular swelling substance when specific antibo- 
dies were present. Four animals weighed about 2.5 Kg. and the 
others about 1.3 Kg. This experimental series is shown in the lower 
third of figure 2. Slide agglutination showed the presence of specific 
agglutinins the fourth day after the first injection and their 
concentration increased as the experiment went on. Nonspecific 
capsular swelling substance appeared the day after the first 
dose and reacted with type 16, and when there was a high type 
16^ titer, with type 28 as well, but never with type 27. On the 
third day after each dose, at the latest, the serum contained 
no substance but it reappeared in the older animals — the four 
left bars in the figure — after each new dose of vaccine, and its 



5i 


NONSPECIFIC CAPSULAR SWELLING. 


In/ecf/ons. 


iSu/fos/r?. 
/tC.^y/^er s. 
Pncc. 

type 16 . i 


Pn.cc. 
t'pe 27. 


Day of eypenment. 

/ ,1^.5 . 4 ,5_ .6 . 7.8 .9 .JO .U ./2 jj /u 


if'' 


JJL 




11 


Ph.cc. 
fype 28. 


' vocc/r7e — : 
.£ap:cu^'p.eJL.:. 

/a" 

n.C.S.fiter 
Pn.cc. i 
t^pe/6. ^ 


NH H 


KH 


XI 


XL 






/.I .VI-. 




ml 


Pncc. 

fype 28 . 




li 


Fh.cct,'peM. 


NHKK NNHH 


KKSS 


~yncc/ne' 

Bkc^PmL. 


<^fl' ) 




n'-CSf/fer 
Pace. g 
tpe/6. ^ 



Pace. 4 * 
fype 28 . 




w 




> ' 
L^Pri 


V\ igViuWi 


.t- : 


I 


i 


'Pa.ee. \ 
iypel. 


'Df/Pe 

oggl 

filer. 

Test 
tube 

Jifer. 




'A2 

26 


WVi 


\ 




* 'I ff 


Ml 



Eic. 2. Experimcntallj' produced nonspecific capsular swelling substance (N. ^ S.) 
and immune antibodies against pneumococci of types 1 and 3 in rabbits. Encli 
bar and N^represent one animal. N = negative. 



OCCUKRENCE IN ANIMALS. 


concentration varied quite independently of that of the specific 
agglutinins. 

The slide method of examination rvas complemented in a numhei 
of cases -with test tube tests, and both methods confirmed that 
this reactive substance in rabbits liad essentially the same prop- 
erties as the nonspecific capsular swelling substance in man. 
The capsular swelling appeared first and the agglutination after- 
wards, and no reaction was obtained with oxalated plasma, but 
after recalcification it appeared again. 

The absorption of the nonspecific reactive substance in rabbits 
by types 16, 27 and 28 was examined. The results are collected 
in table 23. 


Tabic 23. — Absorption of the nonspccitlc capsular swelling: substance 
in rabbit scrum with pneumococci of types 10, 27 and 28. 


Rabbit 
scrum no. 

P. typo 
tested 

ISact. density 
used in 
absorption 

Original 

titer 

Titer after absorption 

AIG 

A27 

A28 

G 

16 

.0 

a 



0 


IG 

G4 


— • 

0 

~ 

5 and 8 

10 

1C 

8 

0 

.1 

0 


IG 

04 


— 

0 




It is seen that the substance was easily absorbed wdth types 
16 and 28, but less easily with type 27. 


Examination of Gnincn Pig Serum. 

It was also shown that guinea pig serum contains normal 
antibodies. Table 24, which covers this part of the investigation, 
includes only the types of pneumococci -which reacted with serum. 


Table 24. The occurrence of normal nntlboilies causlnjj capsular 
swelling and agglntiniition of pneumococci in guinea i)ig scrum. 
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Results 







sera 

Positive sera 

1 

10 

B 
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Type of reaction 

(c) 

-i — h-f 
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IG 

Highest titer 
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<16 

IG 

8 
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Fig. 3. Experiments with injections of Sulfosin in guinea pigs. Each bar and N 
represent one animal. N = negative. 


The most common normal antibody in guinea pigs was directed 
against type 19, and the next most common one against type 27. 
The type 19 antibody only caused agglutination, but the type 27. 
antibody caused capsular swelling of maximum size, comparable 
with the reaction obtained with immune serum. It appeared larger 
than the nonspecific capsular swelbng observed in human serum. 
Reactions with type 28 occurred in two cases and with type 10 
in one case. 

Experiments were also done with Sulfosin. Figure 3 illustrates 
experiments with three guinea pigs, the sera of which contained 
normal antibodies against type 27. Three other animals lacking 
antibodies of this kind were also given injections of Sulfosin. 
In the former group each guinea pig weighed 500 Gm. and in 
the latter group about 300 Gm. All the experiments covered types 
1 to 32 but only types 19, 27 and 28 gave positive reactions and 
were included in the figure. The Sulfosin was injected into the 
muscles of the thigh and samples of blood were taken with 
cardiac puncture. 

The antibodies present in the serum before the injections of 
Sulfosin remained throughout the experiment. In the animals 
taken up in the figure, the content of type 27 antibodies increased 
the first few days after the Sulfosin injection together with a shght 
rise in the temperature, especially in cases 2 and 3. However, 
in the case of animal 2, the reaction remained at a high degree 
even when the effect of the Sulfosin had probably subsided. The 
three cases which did not show any normal antibodies against 


OCCURRENCE IN ' DIFFERENT DISEASES. O ' 

typo 27 in the beginning showed no reactive substances against 
this type after the injections of Sulfosin. Oxalatcd plasma from 
wuinea pigs gave the same reactions on the whole as scrum con- 
taining calcium, and consequently the type 27 antibodies were 
not sensitive to calcium. 


CHAPTER G. 

The Occurrence of Nonspecific Capsular 
SAvelling; Suhstance in Dilfcrent 
Diseases. 


My first paper on nonspecific capsular swelling substance 
dealt mainly with its occurrence in acute pneumonia and acute 
infections of the upper respiratory tract. The substance was found 
in every case of pneumonia and in cases of infection in the respira- 
tory passages with a tendency to bacterial complication. I pointed 
out that it was not confined to pneumococcic infections but also 
occurred in infections caused by hemolytic streptococci and tu- 
bercle bacilli. 

In a later paper it was shown that the substance also occurred 
in cases of disease where a bacterial origin could be e.vcludcd, and 
where the morbid process was comprised of rapidly ensuing tissue 
disintegration, as in acute cardiac infarction. As regards diseases 
of bacterial origin, the substance was also demonstrated in 
typhoid and paratyphoid fever, but not in virus infections. 

Since these Uvo publications, still further cases have been 
examined, some of the same diseases as studied before, and some 
of other infections and tumor diseases. 

Host of tho patients were treated at St. Erik’s Hospital. The cases of ficnrlntinn 
and tho ones examined during vaccination for smallpox were taken from a Stock- 
holm regiment. Tho cases of mammary cancer came from Hadiutnhommet, tho cases 
of poliomyelitis from the Epidemic Hospital in Stockholm and most of the cases 
of pulmonary tuberculosis from the Sodorby Hospital. Sera sent to the vStato 
Bacteriologic Laboratory for Widal testing rvoro examined in positive cases, 
especially when there was bacterial growth in tho blood. In addition, samples of 
blood from occasional cases of different diseases wore obtained from' tho Maria 
Hospital, tho Epidemic Hospital and Iforrluir.s Hospital. 

Some cases were followed witJi repeated tests, in others only one or two speci- 
mens of blood were taken. 

The cases are assembled in Table 25. The days the specimen 
were taken are grouped into weeks from the time the patient 
fell ill, ^ 
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Tal)lo 25. — The occurrence of nonspecillc capsular swelling substance in certah 

diseases. 
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Acute Pneumonia. 

Sera from cases of acute pneumonia showed nonspecific cap- 
sular swelling substance as a rule. 

The eleven negative cases were ones of relatively mild broncho- 
pneumonia. Onl}’’ one blood sample was talcen in their case. 
In the positive cases the titer for the substance varied between 
1 and 32. Titers 4 and 8 each occurred in one third of the cases, 
titer 16 in a fifth and titer 32 in one case. No definite correspon- 
dence between the titers during the acute phase of the pneumonia 
and the severity of the infection was observed. 


iScpticeinia. 

The cases of septicemia were thirteen in number. Pivc of them 
ran a violent course, leading to rapid death. The others, cases 
of subacute bacterial endocarditis, likewise ended in death even- 
tually, although two of them were not followed until the end. 
Table 26 records the capsular swelling reaction as well ns a number 
of clinical data. 

The upper half of the table covers the acute ca.scs. Tlicy showed 
a high content of nonspecific capsular swelling substance in the 
blood throughout the disease with the exception of case 120. 
In this case, where the symptoms were unusually severe with 
masses of bacteria in the blood during the last few days of life, 
the substance was lacking in a blood sample taken the day 
before death. 

In the more chronic cases the content of nonspecific capsular 
swelling substance varied parallcly with the intensity of the 
symptoms. Case 122 is illustrated in figure 4. 

Case 122, l\Ir. R. E. J — u, postman, aged 30. was treated for 
subacute bacterial endocarditis for a little over a year, during whicli 
time there was continuous bacteremia with alpha streptococci and 
repeated emboli to different organs. The figure gives a small part 
of the record to show variations in the capsular swelling substance 
during a period of active therapy. The treatment consisted of frequent 
blood transfusions and autovaccinatiou previous to sulfapyridine the- 
rapy. The auto-vaccine contained about one milliard bacteria per milli- 
liter and was given twice a week for a little over a month, thereafter 
weekly. A dose of 0.2 Ml. was given first, and the quantity gradually 
increased to 1 Ml. During this period tlic bacteria decreased in the blood 
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TaTile 2G. — The occurrence of nonspecific capsular SAvelling suhstance in 

cases of septicemia. 


Case 

No. 

Diagnosis 

Acute cases 


Duration 

Highest values recorded [ 
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S.R. in 
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W.B.C. 

m 

116 

Quinsy + septicopyemia . 

Beta Str. 

6 days 

40.-1 

19 

— 

16 

117 

Ulcerous endocarditis + 








acute meningitis .... 

Staph. 

8 » 

41.0 
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and on one occasion blood culture was negative. “Celling 

again progressed and the bacteremia increased. The 

sSbstance decreased and became more Bensit ve to ^ 

period of improvement and ^rOctober 4, activa- 

teresting that, despite the negative blood cultu reanpearaiice of 

tion of the process was indicated the next day y PP^ followed 

the capsular swelling and S' sedimentation rate 

by an increase in'the bacteria- m the blood T^5“em 

remained practically constant the whole ‘ • effect 

down the temperature, but it had no reaU therapeutic ellect. 
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In the other cases the concentmtion of cajtsuliir swelling 
substance was low or it was lacking nlfogef her (hiring the (juioscent 
stages of the infection, the content incronsing ns the infcclion 
grew more severe. In .some case.s }h(* (iter never exceeded ■], 
although tests were done during the last, few weeks of life. In 

case 123 the liigh values wore observed during periods of exa- 
cerbation. 

Salmonella Inl’cctions. 

Salmonella infections are reprcse.ited by nine cases of (.vpl.oid 
fever and two of paratyphoid fever. Table 27 shows those cases. 

ormvt • fever {129--13G) showed bacloria! 

,ionth in the blood: in one case (137) blood culture was nogaf ivc 

cific capsidar swelling substance occurred in all except case 13^ 
having a titer of 2 in two case.s, of -1 in four cases and of 8 in two 

suStnncr^rfl “r;.'*!’™'’'"" ’’'t"™.. Hio conlcnl, of tl.r 
substance and the specific agglutinin titer. 
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of spreading, causes either a luediastinitis anterior via lympho- 
glandulae sternales or a mediastinitis posterior (rare). This in- 
flammation extends to the visceral pericardium aided by the 
gravitation, i the lift-and-force-pump action of the heart,- and the 
coughing and the pressing of the patient.^ Thus the retrograde 
transport takes place. This peri-pericarditis irritates the visceral 
pericard and a pericarditis exsudativa results from an excessive 
secretion. In the same way a mediastinitis dextra or si nis tra 
can originate by a sidelong descent of the inflammation with a 
successive pleuritis mediastiuabs (Corning), A hematogenic or- 
igin of the pericarditis exsudativa is improbable. It cannot be 
assumed that the transport takes place along the tracheo-bron- 
chial lymph vessels, the truncus bronchomediastinalis dextra or 
the ductus thoracicus to the angulus venosus and along the vena 
subclavia and the vena cava superior to the right heart, because 
there are no signs of myocarditis. 

Assman* describes some cases of purulent mediastinitis super- 
ior, which were roentgenologically and autoptically confirmed, 
following an acute tracheo-bronchitis or after perforation of the 
tracheal wall by corpora aliena. In one case the formation of gas 
was observed in the mediastinum anterior as a result of con- 
tagion by putrid bacteria. Schinz“, too, gives some examples 
of such ftSenkungsabscessei). v. Dehn® and Lorey’ likewise 
observed some cases of mediastinitis anterior acuta and they point 
out the • difficulties of a differential diagnosis with regard to 
tumors, • thymus-hyperplasia etc. in the mediastinum anterior. 

Nathan and Dathe put the question in their article referred to. 
above, whether these clinically not very clear cases of pericarditis 
exsudativa might not b'e the cause of the local (or total) adhesive 
pericarditis which is sometimes found at autopsy (Smith and 
AVillius®), whereas there was no evidence in the anamnesis either 
of the causative factor or of the pericarditis. 

So it appears that the pericarditis and the attending medias- 
tinitis anterior pass in many cases practically without any symp- 
tom and that only an accurate and systematic examination in 

^ Djivid A. Nathan and Bich. A. Datho, Amor. Heart J. 31, Ho, 19-10. 

= Corning, H. K., Lehrbuch dor Topografischon Anatomic. 1915. 

^ Braun, W., Topdgraf. anat. Atlas, 1921. 

‘ Assman, H., Klin. Koontgendiagnostiefc, B. Vogel, 1931. 

» Schinz, H., Dtsch. Z. Chir. 179, 1929. 

« V. Bohn. W., Berl. KUn.-mcbr. 480, 1910. 

• Lorey, P., 8. Eoontgcnkongress. 

> Smith, H. L., and WiUius, B. A„ Arch. Int. Mod. 50, 410, 1932. 
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in only about a tliird of tlie cases. Tlio disease or recnrrejice was 
reckoned to have begun at the time when distinct symptoms 
wore observed, such as cough and fever, catching pain on respira- 
tion with fever, or only fever in the cases where tuberculous changes 
in the lungs were diagnosed later. 

Table 28 gives a comparison between the symptoins and the 
nonspecific capsular swelling substance in the cases examined 
in the first and second week of illness. 

Sera taken during the first week of the disease or of acute 
recurrence contained nonspecific capsular swelling substance in 
nine out of ten cases. The sera taken the second week of illness 
were more often negative, only three out of eight being positive, 
despite the fact that ])ulmonary changes, fever and the sedi- 
mentation rate showed that the disease had by no means entered 
an inactive stage. 

Cases ISd, 188 and 189 .showed widespread lesions in the lungs 
but no capsular swelling substance in the blood. Case 190, 
rapidly loading to death, showed a large content of the sub- 
stance. 

To examine whether tuberculous processes with cavity forma- 
tion offering large absorbing surfaces could exist without the 
substance occurring in the blood, thirty-two more chronic cases 
in which the sample was taken more than four weeks after the 
onset of the disease wore collected, lUlcven of them, with fever 
and widespread xnogressing changes in the lungs, arc included 
in table 29. The other twenty-one, more inactive cases all lacked 
nonspecific capsular swelling svibstancc. 

Three cases in the table lacked the substance. In case 193 
spontaneous pneumothorax occurred the day after the blood 
was taken and one week later the patient died. Autopsy showed 
a large ruptured cavity and widespread lesions in the lungs. 
Case 194 had bilateral pulmonary processes of great extent, a 
high fever and sedimentation rate, and a high Avhite blood count. 
Extensive changes in the lungs also occurred in the other case, 
number 198, but the course was more drawn out. 

If these three cases arc compared with the other eight whicli 
showed the xn-esence of nonspecific capsular swelling substance, 
it is .seen that there was no essential difference between the two 
groujis, either as regards the extent of the pulmonary lesions or 
as regards the clinical signs and .symptoms. 
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Table 28. — Cases of pulmonary tuberculosis examined for noDspecific 

ireek of 


Cases' examined during 


Case 


'.Extent of pulmonary changes 

No. 

Date 

Clinical data, roentgen observations, etc. 

172 

V. 

X-ray: Left-sided pleurisy, old and new apical lesions. 

173 


X-ray: Large exudate in left pleura; parenchymal lesions of the 
right lung. 

174 

=v. 

X-ray: Central parenchymal infiltration on the left side. 

175 

16/ 

/6 

X-ray: Right-sided pleurisy and parenchymal infiltration infra- 
clavicularly on the same side. 

177 

"Vl 

X-ray: Right-sided pleurisy. 

178 


X-ray: Focus of spotty and linear consolidations the size of the 
palm of a hand in the right first and second I.S. 

179 

=’7u 

' 

X-ray: Dense consoUdation in the right upper lohe caused, 
mainly by infiltration but also by atelectasis. 

180 

00/ 

/12 

X-ray : Large pneumothorax laterally at the base of the right ' 
lung. Old fibrotic, partly calcified tuberculous foci in the 
upper half of the left lung. A number of small rarefied areas, 
indicating cavities, especially infraclavicularly. 

00 

)-*• 


X-ray: The right base filled up to the 2nd I.S. with a dense 
pleural effusion. 

182 

27/ 

X-ray: Small consolidations in the left apex of tuberculous 
nature ; widespread, recent consolidations in the lower lohe 
(nonspecific?). 


Cases examined daring 


183 


X-ray: Parench 3 ’-mal changes in the left lung, mainlj’’ in the 
upper lobe. 

184 

74 

X-ray: Bilateral veil-Iike confluent parenchymal infiltration. 

185 


X-ray; Dense consolidation in the right lower lobe; parenchymal 
infiltration in the middle of the left lung. 

186 


Left-sided partial thoracoplasty; recurrence at the end of July. 

187 

=7io 

X-ray: Left-sided pleural exudate increased (first x-ray October 


20), covering nearly whole left chest. 

188 

=7i= 

X-ray: Right-sided basal pleural effusion up to 4th I.S. On the 
left side a bean-sized rarefaction, indicating cavity in the 
1st I.S. ; fairly dense parenchymal consolidation in the upper 
part. Progress. 

189 

26/ 

/l2 

X-ray: Bilateral, spotty consolidations with signs of several 
small cavities. 

190 

^7i 

X-ray: Bilateral tuberculous changes with cavity formation 
in the right ape.x. 
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su«»uc. in tu. M..a .Inrlns th. « and s.aon.l 


the first week 
[Evening temp.l 

of illness 

== 



* 


! 

W.B.C. 

S.B. 

N.C.S. 

Subsequent ' 

1, 

1 Date 

c. 

Date 

No. 1 

1 

Date 

mm./hr. 

Date 

Titer 

i 

1 

i 

i 

39.3 

38.0 

7d ' 

=7= ’ 

8,000 

8.G00 

1 1 

. 1 

=V3 ' 

1 

96 

85 

i 

R/ 1 

h 

\ =’/o 

I 

! 4 
■ 8 

Death 

Home 

*/c 

■Vo 

39.2 

38.7 

' 7o , 

: -u , 

4,700 

0,200 

[ 7« 
'Vo 

18 
i 48 

: V. 

■ 'V. 

1 

c ! 

Sanatorium 

Sanatorium 

=V7 

’ 7o 

39.1 

39.2 

i ' 

! =7: 

1 / 9 

5,400 

10,200 

=V, 

* '/o 

52 

05 

: ’=/» 

1 

1 

Sanatorium 

Sanatorium 

=Vu 

1 

1 39.0 

1 

1 “/a 

7,400 

: 

20 

=Va 

2 

Sanatorium 

1 

-7i= 

1 39.3 

i 

0,000 

‘V.o 

43 

■ViO 

! 

4 

9 

1 


1 

”/« 

39.4 

‘Vo 

4,900 : ‘Vo , 

56 

‘Vo 

4 

9 

“®/.> 

39.2 ’ 

‘Vo 1 

O 

o 

37 

■ =Vo 

0 

? 


the second week of illness 


’ 1 

I 3 

38.5 ■ 

Vo 

8,400 ' 

Vo 

70 ! 

Vo 

0 

Sanatorium ' 

1, i 

1' 1/ ; 

' 1 

' 

39.0 

3/ 

2,000 

Vi . 

s ! 

1 

V. 

0 

Death 

38.S 

■Vo 

5,700 

"/7 ; 

90 ! 

15/ 

0 

Sanatorium 

Vs 

”/io 

38.8 ; 

Vs 

10,800 , 

Vo ■ 

52 

Vs 

2 

Sanatorium 

39.5 

‘Vio 

4,000 ! 

‘Vio i 

GO 

‘VlO 

4 

Sanatorium 

=Va 

39.0 

“/l= 

2,500 

=ViO 

40 


0 

At home 

1 

' “Vl2 

39.5 

=Vi= 

8,500 

■'/is 

41 

‘VlO 

0 

Sanatorium 

. ‘Vi 

39.2 

=Vi 

10,200 

^‘Vi 

140 

=Vi 

8 

Death 
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XOXSI’KCri’IC CAPSUr.AU swklung. 

Table 2!). — (’lironic cases of imlmoimry tuberculosis oxnmincil for 
wcobB nficr Ibo onset 


Gasp 

, 

Data from h i h t o r v 

i 


! 

. Date 

Clinical (lata, roentgen observations, etc. 

101 

1930 

X-ray: lligUt-sitloil pleural effusion and parenchymal lesions of 


SO/ 

ni 

nncerlnin nature. 

102 

J93S 

Xoveniber: Tneiimothoiax on left side. 


1D30 

1 January: Poor coudition, Caclicctie. 

5Iay: .Spread to right lung. 

July: Progress on right side. 

Xovemher: Progress seen in roentgen picture. 

103 

1037 

Tuberculosis of right lung. 


1030 

"/»«> 

X-ray: June 7 : Progress on loft side uhoro large cavity uas .seen. 

1 Pncunuithorax on left si.lo. 


tJf 

10 

X-ray: Large cavity sus])ended in adhesions on left side. 


Jftf 

/It 

' High temperature and signs of rupture of eavitj*. 

104 

1030 

Treated for large bilateral lesions with cavities since April 1. 

105 

1030 

Tneija'cnt jiultnonary tuhcrcidosis. 


1030 

X-ray showed: J-eft lung collapsed; extended cloudy con.solitln- 



tions over (he greater part of the right lung field. 


’V.O 

X-ray showed j.rogress on (ho right side. 


V.r 

Diffuse facial evanosis on sligldest exertion. 

lOG 

1030 



■V. 

X-ray: Ilar.y confluent consolidations n.lh largo cavities.' 



Increasing debility; abdominal pain and diarrlica. 

107 

1033 

Hetrinnitig of pulinotmry fubereiilosis. 


1030 

X-ray: Diffuse consolhlation in the greater part of the left lung 


”/n 

with air-conlnining areas; cavities? 

lOS 

1017 

Heginning of {udmonnry Inberculosis. 


1930 

X-nty: Two large cavities in the right nj.ex. Pneumothorax on 


Vl 

left side with exudate. 



X-ra>-; IVogress on riglil side. 


V, 

Poor general condition. 

100 

1030 

I’lilnionnry disease began in spring. 


13/ 

iXO 

X-ray: Extended bilateral lesions, mostly on the left side, with 



j.ossible c.avity formation in apices. 

200 

1033 

Beginning of pulmonary t.d.ercvdosis. 


1030 

Kccurrence in June. 


Ve 

X-rav showed loft-sided consolidation. 


■v« 

Pneumothorax on left side. 


=7.0 

X-ray showed exudate on right side. 


"/n 

X-rav showed increase of exudate. 

201 ' 

1035 

Beginning of pulmonary tuberculosis. 

i 

1030 

Recurrence in October. 

i 

»/u 

X-ray: Extended bilateral lesions with large cavities. 

17 ! 

=7n 

Laryngeal tiibcrculosis. 



OCCURRENCE IN DIFFERENT DISEASES. 

„.,.„ec>«c c.ps,a«r .v.U.u. «» 

of the disease^ ^ — 

; ; ^ N.C.S. Subsequent 

Date I No. Date | mm./hr. Date | Titer | ^ 

u/,, 38.2 I »/. 4,700 V. 78 I ”/.= 4 Sanatorium 

38.5 >Vu 13.200 36 2 Died ^Vi 1040 

i 

i Vn 38.2 »/n 13.400 I V.i 25 Vn j 0 j Died »/n 1039 


==/„ 39.1 =Vu 13.000 1 =Vu 104 ”/n 1 0 j Died 1940 

V„ 39.3 */.x 9,600 ! V.i 61 Vn ! 8 | Died U, 1J3.) 


39.5 

Vn 

15,000 

1 

Vn j 

20 

38.2 j 

’Vn 

7,200 

’Vn 

21 

38.0 

“/n 

9,800 

=Vn 

i 51 


1 I 

21 “/n j 4 I Continued Iios- 

I ! pital care 


“/ii 37.7 “/ii 10.000 “/ii j 53 >'/u 2 j Continued lios- 

1 pital care 

39.0 ”/ii 7,800 “/ii 38 “/n 4 j Continued hos- 

' pital care 


■■111 37.8 =Vii 18.000 “/n 56 2 Died =%. 1939 
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Meningitis. 

The cases of bacterial meningitis were severe and three of them 
caused by Pneumococcus type 8 (140) and 18: (141) and "intra- 
cellular cocci” (142), respectively, ended in death. In another three, 
one of meningococcic meningitis (143), one of meningitis caused hy 

gram-positive cocci” (144) and one caused by pneumococci of type 
22 (145), the patients recovered. In all the cases the nonspecific 
capsular swelling reaction was strongly positive, the titer varying 
between 8 and 32. The highest titer, 32, was found in a boy of 
six months, who died of type 18 pneumococcic meningitis (141). 

The cases of abacterial meningitis are composed of one case of 
purulent meningitis (146) with no bacteria in the cerebrospinal 
fluid, two cases of cerebrospinal sypliilis (147 and 148) and three 
of encephalomcningitis of indefinite character (149, 150, 151). 
Nonspecific capsular swelling substance was lacking in all these 
cases. 

Two cases of tuberculous meningitis were examined. In one case 
(152) the disease ran a rapid, malignant course and the patient died 
on the fourteenth day. Autopsy showed tuberculous meningitis in the 
tract of the hypotlialmus. Non-specific capsular substance was not 
observed in the serum from this patient. In the second case (153) 
the disease lasted about a month. Tlic patient was admitted to the 
hospital five days before death, and lumbar puncture showed an 
initial pressure of 350 mm., a large amount of protein in the cerebro- 
spinal fluid and 40 colls per cubic millimeter. Nonspecific capsular 
swelling substance was lacldng both in the blood and cerebrospinal 
fluid. A sample taken the same day tlie patient died revealed a non- 
specific substance titer of 2. Autopsy confirmed the diagnosis of tu- 
])erculous meningitis. 


Yirus Diseases. 

Seventeen of the 18 cases of poliomyelitis (154 171) were 
lacking in nonspecific capsular swelling substance. In the eighteenth 
case (154), one of fatal respiratory paralysis, only a faintly 
positive reaction of the (c) type was observed. In this case the 
serum was taken the same day the respiratory paralysis set in, 
difficult breathing and. rales developing as the day went on. 
Coughing had set in earlier. Another of the oases (155) also ended 
in death from respiratory paralysis, but in this instance nb cap- 
sular swelling was observed. Tbe blood was taken on the fourth 
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clay of illness, on the same clay the breathing difficulties increased, 
and two days later death ensued. In the other cases, all of them 
with paralysis, the blood samples were taken during the febrile 
phase, during the first Aveck in eight cases and after the disease 
had begun to subside in seven cases. 

Blood was taken from twenty-t^o military recruits rcvaccinatcd 
against smallpox at the time the vesicle had reached the height 
of its development (table 2.6). Only one case .showed nonspecific 
capsular swelling substance. 

Cardiac and Yascnlar Di.sea.ses. 

In the cases of non-in fcctious cardiac and vascular diseases 
the acute cardiac infarction was always accom])nnicd b}' nonspecific 
capsular SAvelling substance in the blood (table 25). Figure 5 
illustrates a typical case (case 202). 


October Hovember 

to v :¥ u u 50 / 1 i 7 3 // 15 15 n n V s iS 




NONSPECIFIC CxVPSULAR SWELEIEg. 

Case 202, Mr. G. M, E, I — Ir, businessman, aged 62. 

The disease ran a benign ' course and the symptoms disappeared 
rapidly. As appears from the diagram, the swelling was marked in the 
acute stage of the disease, which was also accompanied by a rise in the 
white blood count, the sedimentation rate and the temperature. On 
the fifteenth day of the illness the acute symptoms had subsided, and 
the swelling disappeared, although the sedimentation rate remained 
elevated. On the twenty-sixth day there Avas again a slight swelling 
reaction and at the same time the electrocardiogram showed an a^ffra- 
A’ation and the white blood count became elcAmted: there AvaTno 
change in the clinical condition, hoAA^ever. The sedimentation rate 
changed only slightly. Possibly these signs Avete caused by an extension 
of the infarction too slight to cause subjective s)nnptoms. 

In the other cases of cardiac infarction (91, 203 — 207), the 
content of nonspecific capsular swelling substance Amtied pai- 
allelj to the other signs of the disease. 

Circulatory disorders due to Amlrmlar defect or cardio-arterio- 
sclerosis are not accompanied by nonspecific capsular swelling 
substance in the blood. Consequently the capsular swelling 
reaction may help to differentiate betAveen cardiac infarction 
and cardiac decompensation without tissue disintegration. 

jS^onspecific capsular swelling substance was not obser\'’ed in 
any of seven cases of nephrosclerosis with hypertension and al- 
buminuria (table 25). 

In two out of three cases of deep thrombosis examined, the 
process was seated in the lower extremities and in the third case 
in the arm. No capsular swelling substance was obserAmd in any 
of these cases. 

Tavo cases of pulmonary embolism and one of cerebral embolism 
were examined, all three Avith negative results. 

One case of pulmonary embolism (86), howeAmr, has seAmral 
interesting features and is worth a closer analysis. 

Case S6, hlr. E. B— 1, language teacher, aged 63, Avas taken ill 
suddenly on Sept. 21, 1941, Avith chill, feA'er and cough. He continued 
Avorking for ten da3^s, but felt tired, perspired profusely and his 
body ached all OAmr. He was admitted to St. Erik’s Hospital on 
October 3. Eoentgenography showed basal pneumonia on the left 
side, and the sputum contained pneumococci of type 3. He was given 
full doses of sulfathiazole from October 3 to 7. The temperature was 
39 C. the first day, but then dropped lytically, the patient being sub^ 
febrile from October 8 on. The sedimentation rate remained over 100 
mm. in one hour in repeated tests. The white blood count was 15,800 
on October 3, 6,200 on October 8 and 12,700 on October 11. On October 
23 the patient suddenly died. Autopsy revealed catarrhal pneumonia 
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and bilateral pulmonary emboli, death being probably caused by the 
latter The titer of the nonspecific capsular swelling substance was 8 
on October 4 and 4 on October 7, 8 and 11. Wood taken after dcatli 
contained specific antibodies against, type 3 pnenmococci, but no 

capsular swelling substance. • t i 

Simmnry. A patient convalescing from type 3 pneumonia died 
from pulmonary embolism. Specific agglutinins were formed against 
typic 3 pneumococci. 27onspccific capsular swelling substance apjioarcd 
during the acute stage of the jmeumonia, but disajipearcd from the 
blood when recovery took place, being unaffected liy the lorniation 
of thrombi which probably preceded the embolism. 


Cases of Tnipor. 


A few cases of different, kinds of tumor were examined, including 
eight cases of mammary cancer. The diffienltv with these cases 
is that, when nonspecific capsular swelling is observed, it is 
impossible to exclude the possihilitw of its being induced by se- 
condary bacterial infection in the disintegrating tumorous tissue. 
Some of tbesc cases will now be commented upon. 

Caac 20S, Ulr. K. F. X — n, ]irinter, aped 5.5, began to feel tired and 
to cough in the beginning of ]!)30. lie fell ill .suddenly on Juno 1033, 
with severe stitch in the left side of his chest, and was admitted to St, 
Erik’s Hospital on Juno 12. Hoentgonogrnjiliy showed moderately 
enlarged hilar shadows and increased markings at the base.s of the 
lungs. Kc-examinntion on Juno 28 and July 7 .showed c.xtension 
of the changes and on July 31 a l)asal con.soliilation covering the 
whole pulmonary field uj) to the third intercostal space was oh- 
served. Bronchography on Augu.st 15 showed narrowing of the main 
bronchus of the right lower lobe, and bronchoscojn- on August 25 
revealed a slightly bleeding tumor at this site. It proved to he a S(jua- 
mons cell carcinoma on histologic examination. The temperntiirc was 
.suhfobrilc during the liospital stay, except for short periods when it 
lay between 38 and 39 C. The sedimentation rate was 95 mm. in one 
hour on June 10, 120 mm. on July 17 and 142 mm. on August 17. 
The white blood count varied between 7,200 and 1-1,700. Tiie soruni 
.showed a titer of 1 for nonspceific capsular swelling suhstanre on 
July 17. 

Smnman/. A case of bronchiiil carcinoma with atclccf.asis, idonral 
effusion and a high sedimentation rate showed a verv weak nonspecific 
capsular swelling reaction. ’ ' 


One case of hypernopliroma (209) was followed with several 
blood tests during tlie course of the disease, 

• aged 52, wlio had .suffered 

since 1J12 from an organic heart lesion, fell ill in Marcli of 1911 
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wtli a common cold witlx fever. The temperature, which lav hpf. 
weeu 37 and 38.5 C., did not return to normal when the- other 
symptoms disappeared, and the patient felt tired and lost weight 
He was admitted to St. Erik’s Hospital on April 25, 1941. The tem- 
perature was then 38.4 C., the white blood count 9,900, the red blood 
cells, 3,840,000, the hemoglobin 64 per cent and the sedimentation 
rate 118 mm. in one hour. The urine contained no pathologic compo- 
nents and blood cultures were negative. The patient remained in about 
the same condition for the next few months. He continued to lose 
weight and felt tired. Pyelograph)’- was done repeatedly but signs of 
a renal tumor were first observed on September 16. On left^sided 
nephrectomy on September 24 a large hypernephroma was removed. 
The patient recovered rapidly and was discharged from the hospital 
on November 12. Non, specific capsular swelling substance was present 
on June 7 and 11, having a titer of 8, but absent on October 7 and 27. 

Summary. A man of 52 was operated upon for a hypernephroma after 
six months of fever, lugh sedimentation rate, secondary anemia, fatigue 
and loss of weight. The operation was followed by rapid recovery. 
Before the operation nonspecific capsular swelling substance was 
present with a titer of 8 but afterwards it disappeared. 


Three other cases of advanced malignant tumor were examined. 

Case 210, Miss E. I. T — ^p, aged 44, had been treated, for gastritis 
for ten years. In the middle of May 1942 her discomfort increased 
and she lost appetite and wmight. She was admitted to St. Erik’s 
Hospital on June 22, pale, tired and showing dried skin and fissures 
at the corners of her mouth. Ascites was found. The red and white 
blood corpuscles and hemoglobin showed normal values, and the 
sedimentation rate was 16 mm. in one hour. The temperature was 
normal on admission but wms occasionally subfebrile afterwards. 
Eoentgenography pointed to carcinoma in the canalis part of the 
stomach. Laparotomy confirmed the diagnosis. The peritoneum was 
lined ndth metastatic nodes and the omentum was converted into a 
firm plaque adhering to the anterior abdominal wall. The nonspecific 
capsular swelling reaction was negative on July 5. 

Summary. A case of gastric carcinoma with extensive metastases 
to the peritoneum and ascites, showed no nonspecific capsular swelling 
reaction. 

Case 211, Mr. K. T. E— m, transport worker, aged 59, was ad- 
mitted to St. Erik’s Hospital on March 12 for left-sided pueumoma 
and a tendency to nose-bleeding. The blood appeared normal on entry, 
but after recovery from the pneumonia anemia without any regene- 
rative signs developed. Sternal puncture on May 19 revealed cancer 
metastases and the primary tumor was traced to the prostate on 
May 23. Roentgenography showed metastasis to the bones of the 
pelvis, the femur and the lumbar spine. Roentgen treatment was 
given because of severe pain on May 28 and 29 and Jiine 5, 6 an 
7 and every second day thereafter. On June 11 the nonspecific capsu ai 
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swelling reaction was negative, the temperature normal, the white 
blood count normal and the sedimentation rate 31- mm. in one hour. 
The red blood cells numbered 3,380,000 and the hemoglobin was 59 

per cent. , . 

Summary. In one case of prostatic carcinoma with generalized ine- 

tastases to the bones and aplastic anemia, the nonspecific capsular 
swelling reaction was hot observed despitc'roentgen treatment for two 
weeks. 

Case 212, Mr. B. H. T— e, caretaker, aged 26, felt tired in the 
spring of 1941. In June he began to suffer from pain in his feet, 
shoulders, elbows and wrists, enlargement of the glands on his neck, 
diminished hearing in his left ear, reduced sensitivity in the right 
corner of his mouth, difficulty in swallowing and a feeling of fever. 
He was admitted to St. Erik’s Hospital on June 14. Examination re- 
vealed pale skin with a tinge of grey, enlarged submandibular, axillary 
and inguinal lymph nodes, normal temperature and a sedimentation 
rate of 139 mm. in one hour. The white blood cells numbered 2,800, 
the red cells 2,830,000, and the hemoglobin measured 55 per cent. 
Examination of an excised lymph node gave the diagnosis — reticular 
cell sarcoma. Eoentgen treatment was given on June 28 and 30 and 
July 5 and at intervals afterwards until the patient’s death on Jan. 
19, 1942. Autopsy confirmed the diagnosis. 

On July 3 the nonspecific capsular swelling reaction was negative, 
the white blood count 2,400, the red blood count 3,590, OuO, the hemo- 
globin 85 per cent, the sedimentation rate 134 mm. and the tem- 
perature' normal. On July 10 the blood plasma contained lO.o per cent 
total protein, the globulin amounting to 6.8 and the albumin to 
4.1 per cent. 

Summary. A case of reticular cell sarcoma at an advanced stage 
ivith anemia and leukopenia, enlargement of the lymph nodes, trophic 
disorders, exceedingly high sedimentation rate and an elevated globulin 
content in the blood showed no nonspecific capsular swelling substance. 

Eight cases of cancer of the breast {213—220), all treated at 
Radiumhemmet, were examined for nonspecific capsular swelling 
substance. Eour of the tumors (213 — 216) had not metastasized 
and in two cases (217 and 218) ojjcrable axillary metastases were 
present. In another case (219) it was doubtful whether operation 
could be done because of a metastasis a little larger than a goose 
egg in the axilla, and the eighth case (220) was inoperable, with 
cancer in the left breast and metastases in both axillae and 
in the left supraclavicular fossa. None of these cases showed 
nonspecific capsular swelling substance. 
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NON.SPJ'XiriC CAPSUIiAU SWKLLINfi. 


CHAPTJill 7. 

The Relatioiisliii) between Xoiispccilic Capsular 
Swellinii- Substance and Some of the 
Most Common Clinical Criteria. 

The Severity of the Disonsc. 

In an earlier paper I pointed out. that if nonsi)ccific capsular 
swelling was clcjiionstrahle in acute pneumonia bcj’ond the sixth 
to the twelfth day of the disease, there was reason to suspect 
complications. Table 30 covers 87 cases of acute pneumonia and 
compares the number of days of fever with the number of days 
in which the reaction was observed in the blood. The relation 
between the duration of the .swelling and tlie frequency of com- 
plications is seen therefrom. 


Table. JU). — The relation between Ibe number of days the cniistilnr 
swelling pcrslstcil and tbo nnniber of fever days a.s well as the deve* 
Idpmont of ooinpUcations In S7 cases of aVnto paciunonin. 


X(1. of 
' days 

X.C.S. 
prc.«ctit. 

;n’o. of 
oases 

• 

I'pvpr 

(lays 

(av(‘raj:c) 

Ktn- 

|iyofiia 

Compbrntion'? 

Clear .Acute .Serum | 

e.vu(lnt(r otitis , disca.se j 

1 

1 

Total 

: 

i 1— 

4 

G.o 

0 

0 

0 

0 

0 i 

b— in 

31 

0..; 

0 

1 

1 

1 

3 

11—1.') 

2S 

ll.o 

0 

3 

1 

0 


10-20 

3 

l.'j.O 

0 

0 

0 

0 


> 20 

ir. 

.32.? 

3 

i; 

0 

1 

10 

* Pulmonary tnbprcnlo?!.*;. 







The number of fever days corresponds approximately with 
the day^s of positive capsular swelling. Complications appeared 
in cases with prolonged fever and a prolonged positive reaction. 
Fourteen cases of acute pneumonia ended fatally, and the swelling 
was demonstrated immediately before death in all of tliem. 

The Presence of Specific Agglutinins. 

A series of thirty-six eases (222 — 2D7) of acute pneumonia 
treated rvith sulfapyridinc Averc studied in order to ascertain 
the relationship between the presence of nonspecific capsular 
swelling substance and specific agglutinins in the blood. Table 
31 covers these cases. 
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eelationship to clinical criteria. 

CaDle 81. - Relation />et'veen tlj^o^iionjcdn^ JZnmonia^" 

lud of days after the onset of disensc. _ 
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aggl’ns 


■p* f * OP 1 

iursi Temper- Comments 

Paso Etiolo-y arily 1st Temper- Change Change 

Case L oV ! rile afebrile posi- from pos. from neg. 

i five jjofr. to nog. to pos. 

test ; 


P. typo 1 


P. typo 3 


13 I 5 <t- 11 

10 i — 


P. type 4 


239 

240 

241 

242 P. typo 5 


245 

246 P. type 7 

247 

248~ 

249 P. type 8 

250 

”25l 

252 P. type 9 

253 P. type 10 

I54 ~ 

255 P. typo 12 

256 P. t3rpe 18 
"2W~ P. type 22 


8 ' 

4 . 

35 , 15- 
41 ' 11 —; 


—21 
■15 <C:31 
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i 7—9 
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' 8-14 
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I 7-9 
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' 4—8 
; 4—8 
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i 7—14 


— 5—11 

— 4—7 
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7—10 
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0—8 
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4— 9 
G— 9 
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~ 8^1 
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9—11 
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7—14 


5-11 

2— 4 
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'"g— S 
7—9 
7—11 
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See fig. G 
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NONSPECIFIC CAPSULAR SWELLING. 
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Fjg. 0. Case 2-11, acute pneumonia caused by Pneumococcus tj'pc 5 and complicated 
bj' an empj’cma caused bj^ beta hemolytic streptococci, man, 43 years of age. 
W. B. C. — avliite blood count in thousands. 


In .seventeen cases the capsular swelling substance disappeared 
from the blood at about the same time as specific agglutinins 
appeared. In six cases it disappeared a day or so before and' in 
thirteen cases a day or so after the appearance of the agglutinins. 
In the last-mentioned cases, accordingly, agglutinins and non- 
specific capsular swelling substance were present simultaneously 
in the serum. 

Figure 6 illustrates case 211, one of Pneumococcus type 5 pneu- 
monia, complicated with streptococcic empyema. 

Case 241, Mr. H. V. S — n, electrician, aged 43, fell ill suddenly;on 
February G, 1939, with chill, fever and stitch in the chest. He lyas 
sent to St. Erik’s Hospital on February 9 where roentgen examina- 
tion revealed left-sided pneumonia. The sulisequent course is seen 
from the figure. _ -1' 

Siimman/. A man of 43 fell ill from type 5 pneumonia, which was 
accompanied by nonspecific capsular swelling substance in the blopa. 


RELATIONSHIP TO CLINICAL CRITERIA. 
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The substance disappeared when type 5 agglutinins appeared but 
returned during two later periods when the course was complicated 
by streptococcic empyema. It is interesting to note how the substance 
disappeared immediately after the removal of the exudate. After the 
first puncture the blood remained free from it for some time. When 
the exudate reappeared the substance returned. After the second 
puncture the process healed and the substance did not reappear. 

In eight cases of salmonella infections (table 27), capsular 
swelling substance, bacteria and specific agglutinins were simul- 
taneously present in the scrum. 

lJudily Temperature. 

It was earlier pointed out that the content of nonspecific cap- 
sular swelling substance fluctuates largel)’’ parallel)’’ to the bodily 
temperature in acute cases, but in my previous study I also de- 
monstrated that the capsular swelling in infections of the upper 
respiratory tract was not necessarily related to bodily temperature. 
My later investigations confirm this observation. Figure 4 shows 
that the substance may appear during periods of practically 
normal temperature. 

Tnl)Ic32.— Tlic relation between cnpsninr swelling and setliincnlalion rale 
and while blood count In acute pneumonia and pulmonary (nbercnlosis. 

j Acute pneumonia 1 Pulmonary tuberculosis ! 
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NONSPECIFIC CAPSULAE SWELLING. 


The Sedimentation Bate and White Blood Count. 

^ Table 32 shows the relation of nonspecific capsular swelling to 
different sedimentation rates and white blood counts in cases of 
acute pneumonia and pulmonary tuberculosis. 

The reaction did not vary precisely with the sedimentation 
rate or white blood count. However, it showed a general tendency 
to increase in frequency when elevated values for the latter were 
present. 


CHAPTEE S. 

The Occurrence of Nonspecific Capsular 
Swelling: Substance in Other Bodily 
Fluids than Serum. 

Pleural Exudate. 

Pleural exudate was examined for nonspecific capsular swelling 
substance in a number of cases and the results are seen in table 33. 
The days the specimens were taken are given in relation to the 
day the illness set in. 

Cases 258 to 268 had abacterial exudates. The exudate contained 
nonspecific capsular swelling substance in eight of these cases. 
In two of them, 258 and 260, the titer of the substance was not 
estimated, and in two others, 266 and 268, the titers in the serum 
and exudate were the same. In the four remaining cases, 259, 261, 
264r and 265, there was a higher content of the substance in the 
serum than in the exudate. In cases 262, 263 and 267 the substance 
was present in the blood but not in tbe exhdate. The rapid fluctua- 
tions of the substance in tbe blood are seen from case 265 where, 
after the pleuritic exudate had been removed, a titer of 8 dis- 
appeared in one day. 

In cases 269 to 277 and case 241, bacteria were cultivated 
from the exudate. Nonspecific capsular swelling substance was 
lacking in the exudate in all the cases except 241 and 272, despite 
a high content in many of the blood samples. The reaction changed 
from positive to negative in cases 270 and 276 at the same time 
as it became possible to cultivate bacteria from the exudate. 
Case 276 illustrates well how the substance increased in the serum 



so LADI5LAUS MOSO^•YI UXD ELISABETH OBLATT. 

Untcrsucliungen mit dem Tillniann’sclien Yerfahren lierausstell* 
ten, der Ab-bzw. der Zimalimc des Ascorbinsaiircgehaltes im uu- 
tersucliten. ^laterial zuzusclireiben sind. 

Bei Benrteilnng des aSTikotinsjuireliausbaltes ixmsste beriick- 
siclitigt "werden, dass von 100 nig nacb Bandicr’s Yorscbrift 
peroral cingefulirter Nikotinsaure in 24 Stunden insgesamt 14 % 
ausgescliieden ivird, ivovon 70 % in den ersten 3 Stnnden er- 
scheint. Hingegen bericliten Ellinger u. Sbattock in ihrer bereits 
erwalmten Arbeit nacb Belastung von 100 mg nur iiber eine 
-Zunabme der Nikotinsaureansscbeidung um 4 — 5 mg. binnen 24 
>Stunden, also in nocb geringerem Ycrbaltnis als in den Untor- 
sucliungen Bandiers. Da jedocb bei Untersuclning kleiner Mengen 
grosse Beblermogliclikeiten nicbt zu vermeiden sind, batten wir 
parallel mit den Belastungsprobcn ancb die Bestimnmng der 
ITikotinsimre im 24-stundenbarn obne Belastung ausgefubrt; 
Die Angaben im Scbrifttum weicben aucb hieriiber ziemlicb aus- 
einander. So fanden Pearson u. Winegar, Harris u. Eaj’^mond, 
•wie aucb Sivaminatban Tagesdoscn von 5 — 6, Bandier solcbc von 
2 — 3 mg. Alle Autoren wie aucb Ellinger und Sbattock stimmcn 
darin uberein, dass bei Nikotinsiiuredefizienz die Ausscbcidung 
tiiglicb um 1 rag und nocb darunter gefunden wird. Bei so -vvider- 
sprccbenden Angaben des Sebrifttums k'aiin somit von einem nor- 
malen Nikotinsauregebalte des Urins nicbt gesproeben werden. 

wandten zur Bestimmung die Anilin-Bromcyan-Mctbodc 
von Pearson und ^Vinegar mit dem Stufoapparat von Piilfricb an; 
da jedocb Bandier nacbwies dass von den Nikotinsaurederivaten 
•Nikotinsaureamid, Cozymase, Coenzym und besonders die Hiko- 
tinursiiure nur nacb Hydrolyse, mit starker Lauge fivr die Be- 
stimmung erfassbar werden, baben wir Pearson und lYinegar’s 
Ycrfabren liiermit ergiinzt. 

. Bei Yergleicb der Ergabnisse nacb Belastung mit Yitamin Bi 
stcUt sicb beraus, dass die an unsercr Klinik ublicbe Diiit allein 
nacb der Metbode von Mag)’^ar keine Bi-Hypovitaniinose verur- 
saebt, ebensowenig enstebt Mangel nacb langerer Bebandlung mit 
Sulfonamiden. Bei Penicillinkuren liaben wir die Belastung nacb 
Einverleibung von 5 — 5.5 Millionen 0. E. ausgefiibrt, nur ein 
Patient erbielt bei der Untersuebung 11 Millionen Einbeiten. IVio 
wir anliisslicb des Vitamins Bg bereits crwiilmten, ist infolge des 
verminderten AYertes der derzeitigen Ernabrungsverliilltnissc ein 
gcringer Mangel an B^ aucb bei gesunden Menseben zu finden, so 
miissen die am Anfang der Penicillindosierung gefundenen Aus- 



NONSPECIFIC CAPSULAR SWELLING. 


Tal)lc 33. — Tlie coiitcut of nonspecific capsular 


Case 

No. 

i Etiology 

i 

i 

Pleural 

j Day 

1 of test 

Appearance 

Cells per 
mm? 

Protein 
cent. ■ 

258 

P. typo 1 

13 

Empyema 

8200 


259 

P. tj'pe 1 

19 

Opalescent 

11600 

4.4 % 

260 

P. tj'pe 3 

16 

Opalescent 

10000 


261 . 

P. type 3 

35 

Opalescent 

4800 

1.5 % 

262 

P. type 16 

6 

Opalescent 




263 

B. Friedliinder 

31 

Bloody 




+ T.b. 

36 

Clear 

1600- 


264 

T.b. 

11 

Bloody 



. _ 1 

265 

T.b. 

35 

Clear 

200 . 

2.5% 1 

266 

Unknown 

11 

Clear 

1200 

1.5% i 

267 

Unknown 

240 

Clear 

200 

1-2% ! 

268 

Unknown 

7 

Clear 

— 

■ 1 

269 

P. Type 1 

- 

Bloody, 


— ! 




cloudy 


i 

241 

P. type 5 

36 

Clear 

3000 , 

— j 

. 270 

P. type 9 

8 

Opalescent 

5100 

— ! 



19 

Opalescent 

200 

— 1 



41 

Empyema 

— 

— 

27P 

P. type 9 

59 

Emi^yema 

— 

— 



GO 

Empyema 

— 




61 

Empyema 

— 

— 

272 

T.b. 

5 

Clear 

3200 

2.0 % 



33 

Clear 

5400 


273 

Alpha Str. 

10 

Clear 

1 

1 

274 , 

Staphylococci 

21 

Empyema 

— 

— ; 

275 

Anaerobic rods 

8 

Empyema 

— 

— 

276 

Gram-labile cocci-p 

16 

Clear 

1 

1 


gram-negative rods 

23 

Empyema 

1 

1 

277 

P. type 5 

38 

Empyema 

— 

" i 

1771 

T.b. 

5 

Clear 

6000 

1 

■ j 



17 

Clear j 

— 

j 


^ Given antipneumococcic serum typo 9 intravenously. 


' On August 22 anotlier intrapleural injection of 40,000 I. U. was 
given, and it was followed by capsular swelling of tlie pneumococci 
and on August 23 complete phagocytosis was observed. On August 
26 the pleural pus was again "free from mobile antibodies and contained 
a moderate amount of freely mobile pneumococci. 

Pneumococci could be cultivated from the pus, even from the spe- 
cimens which showed capsular swelling and phagocytosis. 



OCCURRENCE IN OTHER BODILY FLUIDS. 
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nonspecific capsular swelling. 

Summary. A man of 38 acquired type 9 empyema, after recovering 
from ail operation for pancreatitis. He was given serum treatment 
first intravenously and then intrapleurally. The intravenous injections 
caused circulating antibodies in the blood, but did not exert any 
irfluenco whatever on the empyematous fluid, where the agglutinin 
titer was negative and the bacterial growth apparently continued 
undisturbed. The intrapleural injection of serum caused immediate 
capsular swelling and agglutination of the pneumococci, followed a 
day later by maximal phagocytosis. A few days later the administered 
serum was neutralized and the infection progressed, ivith pneumococci 
swimming about freely among the white blood, cells in the empyema. 
On renewed injection the same series of events occurred. Despite the 
brief effect of the intrapleural serum, the patient improved rapidly, 
perhaps also because of the many pleural punctures. 

There does not appear to be any relationship between the 
presence of nonspecific capsular swelling substance in a pleural 
exudate and its cellular or protein content. 

On diatysis of exudate containing the substance, the latter 
went over into the water-insoluble fraction. 


Cerebrospiiisil Fluid. 

It was not possible to demonstrate nonspecific capsular swelUng 
substance in the cerebrospinal fluid in bacterial (6 cases) or 
abacterial meningitis (4 cases) or in poliomyelitis (12 cases). 


Human Milh. 

One case of type 1 pneumonia during pregnancy and childbirth 
enabled a study of both nonspecific capsular swelling substance 
and specific antibodies in human milk. 

Case 229, Mrs. A. M. J— n, aged 28, quadripara, fell ill suddenly' 
on May 3, 1940, in the ninth month of pregnancy with violent head- 
ache, vomiting and a temperature of 40. i C. She was admitted to 
St. Erik’s Hospital on May 4 with a temperature of 39.4 0., a pise 
rate of 120, a blood pressure of 125 systolic and 76 diastohc, a 
white blood count of 29,800 and a sedimentation rate of 45 mm. 
in one hour. Roentgen examination revealed bronchopneumomc in- 
filtration in the right lower lobe. The sputum contained pneimoeocci 
of type 1. The patient was given full doses of sulfapyridine. Delivery 
took place on May 4 at 10.50 p. m. and the patient then improved 

rapidly. . , , , i 

Nonspecific capsular swelling substance was present in the i 



DISCUSSION. 
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witli a titer of 8 on May 6 and of i on May 8 and was lacldng froiu 
May 10 on. A specimen of milk taken on Slay 7 sliowed no sign of 

tlie substance. , . , , 7 i i -o 

Specific antibodies against type 1 appeared in tiie blood and milk 
on May 10 with a titer of 1/4. They had the same titer in the blood 
on May 14 and a titer of 1/2 on May 17 and 22, but were lacking in 
the milk from May 14 on. 

A woman of 28 fell ill a few days before delivery with 
type 1 pneumonia, and recovered rapidly when the child was born. . 
Testing of the blood and milk showed that the nonspecific capsular 
swelling substance did not pass over into the milk. Specific agglutinins 
appeared both in the blood and milk in specimens taken after the height 
of the disease, but afterwards they disappeared from the milk though 
they remained in the blood. 


Discussion. 

In the present investigation, three substances in the serum 
which react with pneumococci, namely, nonspecific capsular 
swelling substance, normal antibodies and immune antibodies, 
were compared. The capsular swelling substance was given most 
study, and the experiments done permit certain conclusions. 

Nonspecific capsular swelling substance causes the best reac- 
tion, i. e. it seems to react most homologously, with Pneumo- 
coccus type 27, but it also reacts regularly with types IG and 28. 
Some of the experiments indicate that it also affects other types 
of pneumococci. Tt causes firstly a capsular reaction, making the 
capsule visible in the microscope, and secondly agglutination 
of the pneumococci. The reaction seldom reaches the same degree 
or intensity as specific capsular swelling, but it is nevertheless 
easy to observe. 

Nonspecific capsular swelling substance occurs in human serum 
in acute diseases such as bacterial infections, in processes accom- 
panied by disintegration of the tissue such as myocardial infarc- 
tion, and after injections of nonspecific irritants or antigens. 
It did not occur in the cases I examined of virus disease, nor, 
except for one case of h3’’pernephroma, was it observed in the 
cases of tumor. It was not present in three advanced cases of 
pulmonary tuberculosis during the acute stages of this disease. 
In all the positive cases, the stimulating factor lias to be of a 
certain intensity before the substance is formed. It does not 
occur in normal serum. 
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NONSPECIFIC CAPSULAR SWELLING. 

Tlie following serologic properties are characteristic of the 
substance. Its concentration in serum is relatively low, and it 
seems to be. more sensitive to beat in low concentration than in 
liigb. Consequently, sera must always be kept frozen if they cannot 
be analyzed directly after being taken. 

The capsular swelling reaction does not take place if substances 
which precipitate calcium, like oxalate or phosphate, are added 
to the serum. As it reajipears after recalcification, it may he 
assumed that the presence of calcium is necessary for a reaction to 
be visible in the microscope. 

The substance is easily absorbed by pneumococci of types 27 
and 28 and also, though not so readily, by type 16. The other 
pneumococcic types and other bacteria absorb it to a lesser degree. 

On dialysis of serum against distilled water, the substance 
passes over to the water-insoluble fraction, and on electropho- 
resis it moves at a rate which assigns it to the serum globulin 
and which is more rapid than that of the y fraction. 

It has not been possible to produce nonspecific capsular swel- 
ling substance in horses or guinea pigs. In rabbits, however, a 
substance with the same properties but reacting best with type 
16 can be produced. 

Human serum often contains reactive substances against several 
types of pneumococci under normal conditions. The number of 
these antibodies varies from serum to serum. The content of 
normal antibodies in the serum is low, and these antibodies are 
often directed against types of pneumococci which are not common 
in human pathology. They react independently of the presence of 
calcium in the serum and arc absorbed specificalK' when they 
occur in their higher concentrations. When they occur in lower 
concentrations, they are very labile, are easily destroyed when 
the serum is stored and also disappear in absorption tests with 
heterologous bacteria. 

Horse serum contains an abundance of normal antibodies, 
and normal antibodies against pneumococci of types 19, 27 and 28 
have been observed in guinea pig sera. Rabbit serum, on the 
other hand, normally seems to lack reactive substances against 
pmeumococci. 

The present investigation throws but little light on the question 
of the development of normal antibodies. The fact that in man 
they are seldom directed against the ordinary infecting types 
of pneumococci, and that horses which seldom have pneumococcic 
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infections are abundantly supplied witli normal antibodies 
argues against their being caused by uiiapparent infections. 
On the other hand, the fact that the most common antibody 
of guinea pigs is directed against Pneumococcus type 19, ■which 
causes epizootic disease among these animals, is a point in {(ivov 
of the infection theory. No doubt there exist both reactive sub- • 
stances which develop without homologous stimulation and anti- 
bodies which develop after unapparcnt infections and which have 
the same nature as immune antibodies. 

Nonspecific capsular swelling substance resembles normal 
antibodies in its low content of reactive substance. The signif- 
icant difference is that the capsular swelling substance is sensitive 
to calcium, while normal and immune antibodies react in calcium- 
free serum. 

Absorption experiments reveal another difference. Nonspecific 
capsular swelling substance is absorbed by pneumococci of tyiies 
16, 27 and 28. Normal and immune antibodies can only be absorbed 
homologously for the most part, though overlapping reactions 
between the different types of imcumococci may occur. 

Electrophoretic analysis shows that the capsular swelling sub- 
stance probably belongs to the a or ^ fraction of the globulin, 
while normal antibodies probably belong to its y fraction. 

In some experiments it was difficult to judge whether the 
reaction was due to the presence of normal antibodies or whether 
it was caused by nonspecific capsular swelling substance. Thus 
it happened that types 10, 18 and 23 reacted with serum while 
it had a high content of the nonspecific substance, but not when 
the concentration decreased. As these reactions were sensitive 
to calcium to a certain extent, there was reason to suspect that 
the capsular swelling substance reacted with types 10, 18 and 23 
besides the ordinary types 16, 27 and 28 in this serum. This obser- 
vation gives support to my original conception, that nonspecific 
capsular swelling substance can react with many different types 
of pneumococci under certain conditions. However, many of the 
reactions which I originally referred to the nonspecific substance 
have since proved to be caused by normal antibodies. 'Where 
the borderline lies between the activities of these two substances, 
normal antibodies and nonspecific capsular swelling substance” 
IS difficult to determine from my results. The e.xpcriraents with 

absorption and oxalated blood do not give any definite informa- 
tion. 
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tave not called nonspecific capsular swelling substance an 
antibody because it has not been possible to demonstrate a bomo- 
logons antigen. Tbe reacting types 16, 27 and 28 have betero^ 
genetic points of contact (table 1) but no proof that even type 
27 , wbicb is best adapted to tbe substance, contains antigen wbicb 
is bomologous to it bas been fortbcoming. 

Comparison between tbe human nonspecific capsular swelling 
substance and that wbicb is present in rabbits reveals that tbe 
two are not adapted to tbe same reagin but to ones wbicb are 
closely related beterogenetically. Both substances are easily ab- 
sorbed by type 28, tbe human substance also easily by type 27 
and tbe rabbit substance by type 16. Type 27 also absorbs tbe 
rabbit substance but with some difficulty, and tbe same is true 
of tj’pe 16 and tbe human substance. Accordingly, we have tbe 
condition that serologic substances wbicb occur under analogous 
circumstances in humans and rabbits are not adapted to identical 
reagins but to ones wbicb are closely related beterogenetically. 

Thus tbe hypothesis may be suggested that different species of 
animals are able to produce transient reactions in tbe serum in 
response to infection or injury to tbe tissue, and that these 
substances are adapted to different reagins in different animals. 

Several other reactions occur under tbe same conditions as 
tbe nonspecific capsular swelling. Different methods have been 
used for their study and tbe results are far from unanimous. 
However, tbe investigations agree fairly well that in acute diseases 
tbe serum globulin increases before it is probable that any 
antibodies have been formed. This increase also includes tbe carbo- 
hydrate bound to tbe protein, and certain changes have also been 
observed in tbe serum albumin. Nonspecific capsular swelbng 
substance could contribute to this increase in tbe globubn, but 
it is uncertain whether it occurs in such large quantities that its 
development would be manifested as a general increase in the 
protein. Tbe increase in tbe a fraction demonstrated by Blis 
in acute pneumonia and by Longswortb, Sbedlovsky and Mac- 
Innes in febrile conditions might be caused by tbe nonspecific 
capsular swelling substance. 

Among tbe substances wbicb have been observed to fluctuate 
in acute diseases are some wbicb agree fairly well with nonspecific 
capsular swelling substance. 

Hjortb’s X-lysin appears under tbe same clinical conditions 
as tbe substance, but it is not possible to make a direct compar- 
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ison of the lysin effect and of the precipitation which takes place 
in capsular swelling, and there is nothing to indicate that the 
two substances have any great likeness, as the protein of the 
X-lysin is supposed to lie on the borderline between the albumin 
and the globulin fractions, not being totally salted out by lialf 
saturation with ammonium sulphate. 

The acute phase serum of Tillctt and Francis shows practically 
the same beha%dor as nonspecific capsular swelling substanee, 
insofar as the two have been examined similarly. Thus calcium is 
of importance for both substances. But they differ in protein, 
the acute phase protein being localized in the albumin fraction 
and the capsular swelling protein in the globulin fraction. 

The nonspecific appearance of antifibrolysin in acute pneumonia 
and other diseases also resembles the appearance of the nonspecific 
capsular swelling substance, and the increase in the sugars bound 
to the serum protein which occurs in certain diseases, shows 
similar fluctuations to that of the nonspecific substance. 

Accordingly, nonspecific capsular swelling does not entirely 
fit in with earlier known serologic facts, but there are far-reaching 
likenesses between this substance and other nonspecific sub- 
stances occurring in acute disease and after stimulation witli 
certain agents. 

The role of these different nonspecific substances is not known, 
particularly their importance to the general increase in resistance 
to certain diseases which occurs after nonspecific stimulation. 
This nonspecific heightened resistance, certain forms of wliich 
0rskov and Kauffmann call promunity, is generally considered 
to consist of omnicellular activation, an activation of the proto- 
plasm (Weichardt), with an increase in the tissue immunity and an 
increase in the content of antibodies already present (anamnestic 
reaction). But little attention has been paid to the occurrence 
of the new humoral substances which the organism rapidly mo- 
bilizes after acute injuries, and which can be observed in non- 
specific reactions. 

There is no proof that the nonspecific capsular swelling substance 
is an antibody but it may be so, if one reckons with a homo- 
logous auto-antigen. The rapid fluctuations in the content of 
the substance do not, however, fit in with the ordinary course of 
the formation of immune antibodies. 

There is another possibility. The globulin-forming apparatus 
may be stimulated by antigens or disintegrating tissue to give off 
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to tlie blood, after a short latent period, nonspecific reactive sub- 
stances sensitive ^ to calcium, belonging to the a or 7? globuhn 
fraction. The rapid fluctuations in the content of these substances 
would agree with such a concept, the formation ceasing as the 
stimulation disappears. 

^ Eegarding the usefulness of the nonspecific capsular swelling reac- 
tion in the clinic, the following remarks seem adequate at present. 

No healthy person shows the reaction. It is but rarely observed 
in a person with a normal body temperature, but it is not a con- 
stant accompaniment of fever, its presence being dependent 
upon the origin of the latter. If the reaction is well marked and 
the swelling persists for a long time, the chances are that the 
disease will be one of long duration. Upon improvement the 
reaction may disappear quickly, even at a surprising rate, as 
when it shifts in one day from strongly positive to negative upon 
the removal of a post-jmeumonic pleural exudate. 

Just as fever does not necessarily produce a positive reaction, 
the occurrence of the nonspecific swelling is independent of leu- 
kocytosis, disturbed suspension stability of the blood corpuscles, 
and increase in the globulin of the plasma. 

Among infections the substance does not seem to be produced 
in virus diseases, and in the common form of acute upper respir- 
atoiy infection or influenza the reaction becomes positive only 
when a bacterial complication is developing. 

In most acute bacterial infections the reaction is positive. 
Here its transient character is of clinical value, an unexpectedly 
long persistence, for instance in pneumonia, indicating the deve- 
lopment of some complication. Its persistence in subacute bac- 
terial endocarditis is likewise Avorthy of notice. Its behaAuor in 
tuberculosis is difficult to interpret at present. 

The occurrence of the reaction in acute myocardial infarct 
seems a sensitive indication of persistent or subsiding tissue 
breakdown, but the general application of this point of weAV 
meets ivith difficulties in the case of tumor, many forms of which 
are not accompanied by the reaction, a case of hypernephroma 
being the only one in Avhich it has been observed so far. 

The reaction may be of value in differential diagnosis, as in 
the followung instances. In heart disease with anginal pain and 
decompensation, a positive reaction points to cardiac infarction, 
and a negative one to myocardial failure. In differentiating be- 
tween clironic endocarditis Avith valvular defect and subacute 
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bacterial endocarditis, a moderate content of nonspecific capsular 
swelling substance indicates the latter, while repeated negative 
reactions argue definitely against a bacterial process. In .the 
case of acute meningitis with no bacteria in the cerebrospinal 
fluid, one should continue to suspect a bacterial origin if the 
capsular swelling reaction is positive; if it is strongly positive 
it is probably a question of bacterial infection of non-tuberculous 
nature. A negative reaction does not exclude tuberculosis, but 
a non-bacterial origin is more likely in such an event. 

As a routine method in the clinic, the nonspecific capsular 
swelling reaction has the advantages of being simple to perform 
and easy to, evaluate. 


Summitry. 

A substance occurs in human serum whicli causes capsular 
swelling and agglutination of pneumococci of types IG, 27 and 
28 and jierhaps of other types as ivell. It is not a normal or im- 
mune antibody and I have called it nonspecific capsular swelling 
substance. It is formed in acute stages of bacterial disease, in 
some acute diseases accompanied by disintegration of tissue and 
after the injection of antigens and nonspecific stimulants. A sub- 
stance of the same Idnd was also observed in rabbit serum; it 
reacted regularly with Pneumococcus t}q)c 16 but seldom and 
only weakly with types 27 and 28. 

The first two chapters give an account of the specificity of 
antigens and of the nature of antibodies, and the third chapter 
contains a summary of earlier investigations on nonspecific 
serologic reactions in acute diseases of man. 

The fourth chapter contains a description of the methods used 
in my investigations and of the serologic properties of nonspecific 
capsular swelling substance. The nonspecific capsular swelling 
reaction is done according to the Neufeld method and the content 
of the substance titrated on a slide with constant amounts of 
serum against increasing concentrations of bacteria. 

The concentration of nonspecific capsular swelling substance in 
serum is low in comparison to that of the immune antibodies, 
but of about the same magnitude as that of the normal antibodies. 

The substance is gradually destroyed by heat and generally 
does not tolerate heating to 70 C. for half an hour. It seems to be 
more sensitive to heat in low concentrations than in high. 
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Normal antibodies against pneumococci occur to a great extent 
and are directed against different types of pneumococci in different 
sera. Normal antibodies and nonspecific capsular swelling sub- 
stance may both occur in one serum and react with tbe same type 
of pneumococcus. ^ 

Nonspecific capsular swelling substance differs from normal and 
immune antibodies in tliat it causes no visible reaction in calcium- 
free serum, wMle tbe antibodies react independently of tbe 
presence of calcium. 

Nonspecific capsular swelling substance is absorbed by pneu- 
mococci of types 16, 27 and 28, differing in this respect from 
normal and immune antibodies, wbicb can only be absorbed by 
homologous antigen on tbe whole. 

Tbe substance gives a slight, temporary protection to mice 
against infection with pneumococci of types 27 and 28, but none 
against infection with type 1. 

Tbe substance belongs to tbe serum globubn where it is found 
in tbe a or ^ fraction. Normal antibodies also belong to tbe 
globulin but occur in its y fraction. 

Tbe substance may be produced experimentally in man by tbe 
injection of nonspecific stimulants like Sulfosin and by vaccina- 
tion with bacterial vaccine. It manifests itseK twenty-four hours 
after injection, reaches its highest concentration within three days 
and disappears within a week. 

The fifth chapter contains a report of my experiments on 
animals. A substance resembling the nonspecific capsular swelling 
substance in man was produced experimentally in rabbits by tbe 
subcutaneous injection of sulphur or the intravenous injection 
of pneumococci of types 1 or 3. It reacted with Pneumococcus 
type 16 and, when present in high content, with type 28. It was 
manifested within twenty-four hours after the injection, reached 
its maximum within two days and disappeared again within 
five days. It could be absorbed with types 16, 27 and 28. 

The nonspecific capsular swelling substances in man and rabbits 
are adapted to heterogenetically related but not identical reagins. 

Normal antibodies against pneumococci were demonstrated in 
horses and guinea pigs, but no substance like nonspecific capsular 
swelbng substance could be produced experimentally in them. 

The sixth chapter describes the occurrence of nonspecific cap- 
sular swelling substance in different diseases. It occurred in almost 
every case of acute pneumonia, acute and chronic sepsis and 
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paratyplioid fever. It also occurred in one-tHrd of tlie cases of 
scarlet fever examined, and in acute pulmonary tuberculosis, 
but not in all the cbronic advanced cases, even when tliey showed 
large cavities. Acute exacerbations of the disease were generally 
followed by the presence of the substance, in tuberculosis as well. 
Acute meningitis caused by Neisserieae and pneumococci were 
also accompanied by nonspecific capsular swelling substance. 
The examined cases of tuberculous meningitis showed a wealc 
reaction, if any at all, and the cases of meningitis caused by virus, 
including poliomyelitis, lacked nonspecific capsular swelling sub- 
stance in the blood. Ee-vaccination against smallpox did not 
cause the substance to appear in the blood. 

Nonspecific capsular swelling occurred regularly in cardiac 
infarction but not in cardiac or vascular diseases without disin- 
tegration of tissue. 

One case of hypernephroma was accompanied by nonspecific 
capsular swelling substance but the rest of the examined cases 
of tumor, carcinoma and one case of reticular cell sarcoma, were 
accompanied by very low concentration of the substance, if any, 
even in extremely malignant cases. 

In the seventh chapter it is shown that the substance remains 
in the blood as long as the pathologic process is aetive, or about 
as long as the fever lasts. Its concentration varies rapidly with 
fluctuations in the course of the disease and when the disease 
subsides, it disappears from the blood. 

The substance usually disappears from the blood when specific 
antibodies are formed, provided that no new disease supervenes. 

The substance does not increase parallely with elevations in the 
sedimentation rate or white blood count. 

The eighth chapter records the investigations on the occurrence 
of the substance in other bodily fluids than serum. 

It occurs in pleural exudate but often in lower concentration 
than in the blood. When bacteria are present in the exudate, the 
substance is often lacking there, despite its presence in the blood. 

It has not been possible to demonstrate the substance in cere- 
brospinal fluid or human millc. 

In the closing discussion, the relation of nonspecific capsular 
swelling substance to other similar substances is reviewed, and 
general problems regarding resistance and immunity are discussed. 
Finally, suggestions are made for the use of the nonspecific cap- 
sular swelling reaction as a clinical laboratory method. 
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Appendix. 


Table 34. — Hos])Uni record numbers of the more imporlniit cnsp<i 
iucluded in the clinical scries and in liio Inrfje exp ori mental 

invcstlg-ntious. 

The letters before tlio luunbors denote the nnmc of hospital or laboratory 
E = St. Erik’s Hospital, Ep = Stockholm’s Epidemic Hospital, R = R 
hemmet, S = Siiderby Hospital, ,SB = Stiito 13 ctcriologio Liborafory, pg - 
Psychiatric avard of St. Erik’s Hospital, and 0 = Orebro District Hosnital 

PP = Private Patient. 


! Case 
i No. 

Record 

No. 

Case 

No. 

Record 

No. 

Case 

No. 


Record 

No. 

Case 

No. 

llccord 

ho. 

1 83 

E 

5577/41 

132 

' SB 7133/40 

181 

l.= 

3101/41 

230 

E 

729/39 

! 84 

E 

4806/41 

133 

SB 7134/40 

182 

E 

1680/39 

231 

E 

2028/39 

i 85 

PS 

56/,33 

134 

SB 3674/41 

183 

E 

1857/39 

232 

E 

2799/39 

' 86 

E 

5214/41 

135 

SB 9294/41 

184 

E 

2813/39 

233 

E 

8648/39 

87 

E 

5945/41 

136 

SB 228/42 

185 

E 

5504/.39 

234 

E 

1964/39 

88 

E 

6145/41 

137 

SB 9075/41 

180 

K 

0118/39 

235 

E 

2550/39 

89 

E 

2118/41 

138 

SB 8181/41 

1S7 

E 

7787/.39 

230 

E 

4159/39 

90 

E 

5269/41 

139 

SB 9552/41 

188 


9213/39 

237 

E 

4632/39 

91 

E 

3046/42 

140 

Ep 1906/40 

189 

E 

9299/39 

238 

Vj 

4919/39 

92 

PP 

141 

N 1031/41 

190 

K 

502/40 

239 

E 

2/39 

93 

E 

5042/41 

142 

E 3076 '39 

191 

12 

8780/.39 

240 

E 

873/39 

94 

E 

6084/41 

143 

E 3156/41 

192 

S 

11/39 

211 

E 

1191/39 

95 

E 

6145/41 

144 

E 3647/41 

193 

s 

38/39 

242 

E 

2624/39 

■ 96 

E 

6117/41 

115 

(■) 409/41 

194 

« 

392/39 

243 

E 

4242/39 

97 

E 

6414/41 

146 

PP 

195 

s 

548/39 

244 

13 

4329/39 

98 

E 

7523/39 

147 

E .3611/41 

196 

S 

587/30 

245 

E 

8072/38 

99 

E 

5327/39 

148 

Ep 2960/41 

197 

s 

804/39 

240 

E 

2143/39 

100 

E 

2921/41 

149 

E 0404/39 

19S 

s 

883/39 

247 

E 

4496/39 

101 

E 

5093/41 

150 

E 7188/.39 

199 

s 

922/39 

248 

E 

1222/39 

102 

E 

3575/41 

151 

Ep 2702/41 

200 

s 

949/39 

249 

E 

2300/39 

103 

E 

2935/40 

152 

E 3300/41 

201 

s 

989/39 

250 

E 

2459/39 

104 

E 

2921/41 

153 

E 2832/41 

202 

E 

7795/39 

251 

13 

757)39 

105 

E 

5109/41 

154 

Ep 2829/41 

203 

E 

3558/40 

252 

13 

302^39 

106 

E 

5276/41 

155 

Ep 2877/41 

204 

E 

591/40 

253 

E 

3884/39 

107 

E 

2999/41 

156 

Ei) 2889/41 

205 

PP 

254 

E 

4009/39 

108 

E 

4906/41 

157, 

Ep 2924/41 

200 

E 

55/4/40 

255 

13 

4036/39 

109 

PP 


158 

Ep 2900/41 

207 

E 

1205/41 

250 

E 

2203/39 

110 

B 

5442/41 

159 

Ep 2961/41 

208 

K 

4823/39 

257 

E 

1899/39 

111 

PS 

14/36 

160 

Ep 2770/41 

209 

E 

2118/41 

258 

E 

4155/39 

112 




161 

Ep 2774/41 

210 

E 

3002/42 

259 

E 

5688/41 

113 

PS 

12/38 

162 

Ep 2740/41 

211 

E 

1331/42 

260 

13 

3679/39 

114 

PS 

25/28 

163 

Ep 2751/41 

212 

E 

3111/41 

201 

E 

3151/41 

115 

PS 

30/33 

164 

Ep 2757/41 

213 

R 12818/41 

262 

E 

6313/39 

116 

E 

556/39 

105 

Ep 2814/41 

214 

R 12777/41 

263 

E 

4379/39 

117 

E 

6419/39 

166 

Ep 2826'41 

215 

R 12147/41 

264 

E 

2708/41 

118 

E 

7949/39 

167 

Ep 2791/41 

216 

R 12914/41 

205 

E 

2907/41 

119 

E 

39/40 

168 

Ep 2803/41 

217 

R 12279/41 

206 

E 

3453/41 

120 

B 

3184/40 

169 

Ep 2804/41 

218 

R 12524/41 

267 

E 

6349/41 

121 

E 

4889/39 

170 

Ep 2800/41 

219 

R 12384/41 

268 

E 

3385/41 

122 

E 

2386/39 

171 

Ep 2887/41 

220 

R 12291/41 

269 

E 

4777/39 

123 

E 

7161/39 

172 

E 1972/39 

221 


— 

270 

E 

3483/39 

124 

E 

3219/39 

173 

E 2689/39 

222 

E 

4140/39 

271 

E 

2770/39 

125 

E 

1735/41 

174 

E 4693/39 

223 

E 

8662/38 

272 

E 

3101/41 

126 

E 

2858/41 

175 

E 4927/39 

224 

E 

3997/39 

273 

13 

5093/41 

127 

E 

4886/41 

176 



225 

E 

5/39 

274 

E 

5250/41 

128 

E 

5123/41 

177 

E 5832/39 

226 

E 

1837)39 

275 

E 

5093/41 

129 

SB 7003/40 

178 

E 6928/39 

227 

E 

2939/39 

276 

E 

5304/41 

130 

SB 7130/40 

179 

E 8647/39 

228 

E 

2299/39 

277 

E 

2624/39 

131 

SB 71.32/40 

180 

E 9092/39 

229 

E 

2935/40 
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Introduction. 


In 1909 Landsteiner and Popper (95) made tlie important dis- 
covery that infantile paralysis could he transferred to and main- 
tained in passage in monkeys. In the field of experimental polio- 
myelitis research thereby opened, there followed a period of about 
thirty years, characterized by steady although slow progress. The 
ultimate aim of medical science is control of disease, and the re- 
search during this first epoch culminated in the elaboration of a num- 
ber of therapeutic and prophylactic procedmres — scrum treatment, 
the Kolmer vaccination, zinc sulphate prophylaxis — with which 
great expectations were connected. When tested on a large scale in 
practice, however, they failed. 

These failures aroused latent suspicions that the path hitherto 
followed might be a blind alley. Thus, in the later thirties an almost 
tumultuous development set in, which deserves to be termed revolu- 
tion rather than evolution. The fundamentals of the prevailing theo- 
ries were found at best unreliable, and characteristics of the virus- 
host interaction previously not recognized were now observed, 
necessitating a radical change of the conception of the whole problem. 
One of the principal reasons why the previous research had been 
lead astray was that most of the experimental work had been done 
in a heterologous host, the Rhesus monkey, and that it had not been 
recognized that the virus-host interaction in this animal in important 
respects differed from that in man. 

When, about three years ago, the study of poliomyelitis was taken 
up at the Institute of Physical Chemistry, it was in the hope that it 
might prove possible to attack the problem from a new angle: to 
study the virus itself, its properties and reactions in vitro, as a basis 
of attempts at chemotherapy and chemoprophylaxis. A 'priori this 
scheme was not to be considered as only a remote possibility. As a 
matter of fact the giant molecules, to which class the viruses are 
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supposed to belong, seem to be in oertain lespeets easier to study 
than molecules o£ a somewbat smaller order of magnitude. 

It was, however, clearly realised that this program must involve 
extensive animal eiipcrimenta as well. An a stady of the vims m a 
model host had proved apt to lead to false eonelusions, it was deemed 

advisable instead to study a model vims m Its natural host. As mo e 

vtis that of mouse encephalomyelitis (Tbeiler’s vi™) was close at 

hand There must, in fact, be reason to expect that the 

similarities between the vims of human pohomyelitis and that of 
similarities De Kmited to tlie observations already 

tbe mouse disease would not be limited to rne o 

made, but that any further experience gamed would mutna y 

'' mtfot and fundamental item of the vast research program was 
J pii«l of the vimses in question. The present paper is a 

report on these experiments. 


CHAPTEB 1. 


The group of poliomyelitis viimses. 


The avidity of a virus to certain tissues or organs and to certain 
host species has been a matter of much discussion. Attempts have 
been made to classify the viruses on the basis of their organotropism. 
At one end of the scale the pantropic viruses arc equally capable of 
invading and multiplying in all lands of tissues and organs. At the 
opposite end we find the monotropic viruses with affinity to one type 
of cells only. A similar variation is observed regarding possible hosts. 
Usually a virus has but one or a limited number of natural or homo- 
logous hosts. The virus-host interaction is usually conceived as an 
adaptation from the side of the virus to the habits of the host, gua- 
ranteeing the subsistence of the species. As a rule the virus can be 
experimentally transferred to and propagated in species other than 
the natural host, accessory or heterologous hosts. These often belong 
to species closely related to the natural hosts but sometimes the most 
whimsical constellations are observed. The combination of possible 
hosts is often a reliable characteristic of a given virus, by Doerr 
(29) called “Infektiositats-Spektrum.” 

Sometimes one will find groups of closely related viruses, with 
the same organotropisms, causing identical symptoms and lesions, 
differing only with regard to host specificity. They have as a rule 
a narrow infectiosity spectrum. Such groups are for instance the 
rickettsiae, the pox and the influenza viruses. 

With regard to the properties now mentioned the virus of polio- 
myelitis was for a long time considered almost unique. It was exqui- 
sitely nemrotropic and with a narrowly limited tropism at that, direc- 
ted towards certain functionally characterized elements of the central 
nervous system (CNS). It had an extremely narrow infectiosity 
spectrum, man being the only natural host and accessory hosts being 
found only among a very limited number of higher primates. Al- 
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thougli it was admitted that different strains of virus might exist 
differing principally with regard to immunological properties, the 
existence of other viruses to be classfied in the same group was not 
recognized. 

This conception had, however, to be revised. Already in 1912 
Kling, Pettersson and Wernstedt (88) were able to show the existence 
of poliomyelitis virus in the intestinal contents removed at autopsy 
of cases of infantile paralysis. It was not, however, until Trask, 
Vignec and Paul (159) in 1938 had instituted the ether-treatment, 
thus considerably facilitating the examination of stools, that the 
significance of this observation was clearly realized. It has now been 
confirmed by numerous investigators [for references see Trask, Paul 
and Vignec (158)] that large quantities of virus are regularly excre- 
ted from the intestines, not only by patients with the typical para- 
lytic form of the disease but by abortive cases and healthy contacts 
as well. Virus has also been found in the intestinal wall (133), and 
in mesenteric lymph nodes (87). Purthermore virus could be detec- 
ted in sewage from urban districts, where cases of poliomyelitis had 
occured (116, 117, 85), partially \mder conditions to suggest that 
considerable quantities of virus were excreted in a population among 
which only a limited number of manifest cases had been observed. 
On the basis of this evidence one must assume that the virus is ca- 
pable of multiplying not only in the central nervous system but also 
in the intestines. 

Although experimental transmission of poliomyelitis to the ordin- 
ary laboratory animals had been without success in numerous 
attempts (61, 51), experiments to find new hosts have been repeated 
now and again. In 1939 Armstrong (1, 2) was the first to report 
success, Ih, several experiments he was able to transfer the Lansmg 
strain from monkeys to cotton rats (Sigmodon hispidus), and after 
passage through cotton rats to albinotic mice. The symptoms and 
histological lesions produced were indistinguishable from experi- 
mental poliomyelitis in monkeys. The virus retained its pathogenicity 
to monkeys even after prolonged serial passage in mice. Through 
neutralization and cross immunity tests the identity between the 
mouse passage strain and the original Lansing strain has been evi- 
denced. 

Transmission experiments of this kind can not be arbitrarily repro- 
duced. Armstrong tested a number of strains, being successful only 
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with the Lansing strain. Negative results have also been reported 
by Toomey and Takacs (154), using 9 different strains, further by 
Hammon (59) and by Kramer and Mack (92), the latter authors using 
different procedures of inoculation known to increase the suscepti- 
bility of experimental animals to infection. Toomey and Takacs 
(156, 166) have later reported success with two strains of virus, 
after preceding treatment of the test animals with repeated 
subcutaneous injections of certain bacterial vaccines, a method pre- 
viously used by Toomey to increase the susceptibility in monkeys to 
poliomyelitis. 

Jungeblut and Sanders (76, 77, 78), working wdth the Sk strain, 
succeeded in producing in cotton rats an encephalitis of extremely 
acute course and high mortality rate. After passage through cotton 
rats the strain suddenly lost its pathogenicity to monkeys, producing 
only a subclinical infection with nondescript lesions. From cotton 
rats the virus could be passed to mice and maintained in serial pas- 
sage, during which a certain fixation seemed to occur, the titer rising 
from 10""® to lO""®. At the same time the invasiveness increased, all 
tested routes of inoculation being equally successful. The mouse 
virus could easily be established in tissue cultme of mouse embryo 
brain, the titer of the culture fluid reaching extremely high values. 
The fixed mouse strain produced encephalitis occasionally when 
inoculated into monkeys. The predominating symptoms were fever, 
coarse tremor, tonic-clonic convulsions and prostration. Sur\’iving 
animals proved to be non-immune when tested with the original Sk 
strain. The mouse virus could be further transferred to guinea pigs, 
producing fever, paralysis of the hind legs and often death, the histo- 
logical lesions resembling those of poliomyelitis. The strain could be 
maintained in brain to brain passages in guinea pigs but only for a 
limited number of generations, the infcctivity gradually decreasing. 

The last mentioned observations are rather confusing, differing 
definitely from the general experience of poliomyelitis virus on many 
important points. In interpreting the results one has to keep several 
possibilities in mind. The strain might have been inhomogeneous from 
the start, new components coming into preponderance when the ex- 
perimental host was changed. Or latent viruses characteristic of the 
new hosts might have been picked up accidentally. This is known 
to occur rather frequently in rapid series of passages in small rodents 
(67, 150, 82), a procedure that Jungeblut and Sanders consider in- 
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strumental in establishing the infection in cotton rats. On the other 
hand sudden changes, the character of mutations, might occur during 
passage in accessory hosts, even of a pure strain of virus. Definite 
conclusions as to the significance of Jungeblut and Sander’s obser- 
vations must be postponed until further investigations (for instance 
filtration endpoint determinations) have revealed the true nature 
of their passage strain. 

For identification of the virus of poliomyelitis it has been usual 
to rely upon the following criteria; (a) production in monkeys of 
the characteristic clinical picture with the typical histological le- 
sions, (b) successful passage to another monkey, and (c) the virus 
should be non-infectious to the ordinary laboratory animals. The 
third criterion must be considered insignificant after the observations 
of Armstrong, and the second is of little value since it is well known 
that most strains are adaptable to monkeys only with difficulty or 
not at all. The remaining one is in fact of a secondary nature, refer- 
ring exclusively to the reactions of the host. As a matter of fact it 
has until now been impossible to detect any direct evidence of the 
presence of the virus in infected tissue in the form of inclusion bodies 
or the like. In most virus infections reliable information about the 
nature of the virus can be gained through serological reactions. In 
the case of poliomyelitis this is hardly feasible. The true nature of 
the neutralization in vitro, if specific or not, has been a matter of 
discussion and as to other reactions they have failed completely 
(123). ■ 

On the other hand, the state of affairs indicated above necessitates 
great caution in evaluating the observations by Armstrong and 
Jungeblut and Sanders, since there are known to exist at least two 
spontaneous virus diseases in different animal species, showing all 
the clinical and histological characteristics of poliomyelitis. These 
diseases are known as the Teschen disease of swine and the spon- 
taneous encephalomyelitis of mice (Theiler’s disease). 

The Teschen disease (Bohemian disease, infectious swine paralysis 
Encephalomyelitis enzootica suum) was first observed in epizootic 
form and recognized as a clinically and etiologically distinguished 
disease in the year 1929 in Teschen (Czechoslovakia). It has since 
then remained enzootic in this part of Europe and spread slowly 
southwards and westwards. In 1938 cases occurred in Bavaria and 
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Austria, in 1939 in Switzerland and in 1940 in the neighbourhood of 
Leipzig. 

Klobouk (89) made an extensive study of the disease and identified 
the infectious agent as a filterable virus that could be propagated in 
serial intracerebral passage in swine. The literature on the subject 
is quite comprehensive and for a more exhaustive review reference 
might be given to articles by Lentz (98) and Weidlich (160). 

Clinically an acute, a subacute, and a chronic form of the disease 
are distinguishable (146). The acute disease is most common in suck- 
lings or animals just weaned. After a short stage of fever and, occa- 
sionally, of vomiting, alarming encephalitic symptoms appear: hyper- 
irritability, sometimes coma, convulsions of different groups of 
muscles preferably of the head, nystagmus, and manege movements. 
RViti hypersensitivity is common. In most cases death occurs within 
3 or 4 days. 

In the subacute and chronic forms flaccid paralysis of the limbs 
is the predominating symptom. Sometimes spastic paralysis is ob- 
served. The hind quarters are most often involved, but isolated 
paralysis of other muscles has been observed. As the “simple' form” 
Diemhofer (28) describes an ascending paralysis of the Landry type. 
The mortality rate is about 20 p. c. A considerable number of the 
surviving animals show atrophy of the paralysed muscles, but some- 
times complete recovery is attained. 

At autopsy no gross lesions are observed. On microscopical exa- 
mination lesions are found in the CNS, consisting of ganglion cell 
degeneration with neuronophagia, scattered round cell infiltration 
and glial reaction, and finally, perivascular round cell cuffing (89, 
6, 90). Meningitis is usually not observed. The lesions are confined 
to the gray matter, preferably of the anterior horns of the cord and 
the basal nuclei of the brain. According to Kment (90), however, 
a leptomeningitis and infiltration of the cerebellum with distinet 
alterations of the Puikinje cells should regularly occur. 

The disease can be transferred experimentally through intracere- 
bral injection of emulsified cord. The incubation time amounts to 
one to four weeks and the symptoms and lesions are identical with 
those of the spontaneous disease. Young animals are regularly sus- 
ceptible to experimental infection, whereas a large percentage of 
old animals are resistant. Transmission by the nasal route is possible 
although with far less regularity; subcutaneous and intravenous 



inoculation succeeds only occasionally. It has not been possible to 
transfer the disease to mice, rats, guinea pigs, rabbits, fowls, sheen 
or calves (89, 28). ’ 

About the portal of entry and the excretion of the virus and the 
natural mode of transmission of the disease nothing is definitely 
Icnown. On the basis of successful feeding experiments, Klobouk 
suggested the alimentary route. Diernhofer, on the other hand, 
advocates the nasal mucosa as portal of entry. Rats have been sus- 
pected to be intermediate hosts of the virus (28). 

Several authors (136, 90, 40) have emphasized the similarities 
between the Teschen disease and the human poliomyelitis, 

Theiler’s disease. The first description was given by Theiler (147) 
in 1934, In a later commimication (148) he presented details about 
the disease and its causative agent, shown to be a filterable virus. 
He emphasized in this paper the similarities between this disease of 
mice and the human poliomyelitis. Furthermore an extensive study 
of the disease and its causal agent was reported by Theiler and Gard 
(150, 151). 

The main feature of the clinical picture is flaccid paralysis of the 
limbs, principally the hind legs, sometimes of the ascending type, 
terminating in respiratory paralysis and death. Sometimes the 
nervous distimbances are very mild and complete recovery is attained. 
More often, however, paralysis leads to muscular atrophy and con- 
tractures, With the exception of very advanced cases the animals 
retain their natural liveliness. Their fur is sleek, their appetite normal. 

At autopsy no gross changes are found. On microscopical examina- 
tion (110) lesions can be found only in the central nervous system. 
They consist of neuronal disintegration with the typical picture of 
neuronophagia, further perivascular round cell cuffing, often exten- 
ding to the meninges, and a scattered round cell infiltration and glial 
reaction in the most heavily invaded areas. In late stages of repair 
nothing is to be seen except a pronounced scarcity of motor ganglion 
cells. Preferred areas are the anterior horns of the lumbar and cer- 
vical cord, although involvement of higher centers, especially of 
medulla and pons regularly occurs, at least after intracerebral in- 
fection. (Plate I.) 

The attack rate of the spontaneous disease is very low, Theiler 
originally estimated it to one or two per thousand, Sabin and Olitsky 
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(132) arrived at similar figures. For all we know even this moderate 
figure might be too high. Olitsky (107) has later observed a series 
of more than 5 000 mice with no cases. The present writer observed 
during 30 months a total of about 15 000 animals in which period 
5 spontaneous cases of the disease were discovered, four of these 
occurring almost simultaneously during an outbreak in the colony of 
mouse typhoid (caused by S. enteritidis).^ 

It is generally young mice that contract the disease spontaneously. 
All instances Imown to the present writer concern animals of from 
4 to 8 weeks of age. 

In contrast to the low attack rate the disease is geographically 
widely distributed. Besides in the XJ. S. it has been observed in Ger- 
many (53), in Japan (73), at the Rockefeller stations in Brazil and 
Uganda (Theiler pers. comm.), in Palestine (Kligler pers. comm.), 
and in Sweden (own observation). 

The disease can be maintained indefinitely in serial intracerebral 
passages of brain or spinal cord. Under experimental conditions the 
infectious agent displays an exquisite neurotropism. Direct contact 
with nerve elements is the only mode of infection to yield success 
with any degree of regularity. With highly virulent strains of virus 
the intranasal and intraperitoneal routes might prove successful if 
very large amounts of virus are inoculated. The highest concentration 
of virus following infection is usually found in the spinal cord, al- 
though at the height of disease the brain and periferal nerves might 
be infective as well, whereas organs and tissues outside the nervous 
system seem to be virus free. There is furthermore no indication of 
an elimination of the infectious agent brom the central nervous system 
by way of excretion. 

Recovery from spontaneous or experimentally induced disease is 
regularly accompanied by a solid immtmity to subsequent infection. 
In cross immumzation experiments it has been possible to show that 
all strains of mouse encephalomyelitis virus are very closely related. 


^ This is not the place to discuss the eventual epidemiological sigiufi- 
cance of this observation. About the pathogenesis of the spontaneous 
infection of the central nervous system very little if anything is known. 
In this connection it might be mentioned that Olitslcy (107) attempted 
to induce infection from the intestines by means of a rather drastic treat- 
ment with croton oil, resulting in almost complete loss of the mucous 
membranes, yet without success. 
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althougli slight immunological differences seem to exist. It has been 
observed that animals recovered from mouse encephalomyelitis were 
resistant to subsequent infection with Armstrong’s Lansing strain 
(160). 

With age the resistance to experimental infection increases although 
a level of immimity comparable to that attained after actual disease 
is never reached. Signs of increased resistance are lengthening of the 
incubation period, milder symptoms and lower mortality rate. Real 
immunity in apparently normal mice has been observed only once 
(own observation). In this case it was possible to isolate from the 
central nervous system a strain of mouse encephalomyelitis virus, 
clearly different from that with which the test inoculation had been 
performed. This imique case must therefore be regarded as one of 
immunity following naturally acquired infection with complete 
recovery. 

The wild mouse (Mus musculus) is as susceptible to infection with 
mouse encephalomyelitis virus as the albinotic variant. A number 
of other rodents tested proved to be refractory, viz, field voles, deer 
mice (Peromyscus), white rats, guinea pigs and rabbits. It has been 
shown, however, that at least one strain is pathogenic for the cotton 
rat (150), Attempts to transfer the disease to monkeys have been 
without success. 

The infectious agent passes ordinary bacterial filters readily. 
Theiler and Gard (150) determined the filtration endpoint to between 
35 and 27 mp,. With exactly the same technique Theiler and Bauer 
(149) had previously found a filtration endpoint for human poliomye- 
litis virus betwen 35 and 30 mp,. The virus of mouse encephalomyelitis 
is rapidly destroyed at temperatures above 50° C, but shows a con- 
siderable stability at room and ice box temperatures. Stored in 50 
p. c, glycerin at -f- 4° C infected brain and cord retain the mfectivity 
for years. An aqueous solution was kept under ether in the ice box 
for 100 days without apparent loss of activity. Moderate concen- 
trations of acetone are well tolerated whereas ethyl alcohol has a 
definite inactivating effect. The virus can be precipitated with am- 
monium sulfate and redissolved without loss of activity. Desiccation 
from the frozen state on the other hand, frequently used as a method 
for conservation of the viability of different viruses and bacteria, 
is deleterious to the virus of mouse encephalomyelitis as it is to human 
poliomyelitis virus (61). Exposure to the air seems to have little 
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influencG ou the stability of the virus, but oxygen in the nascent 
state has a definite inactivating effect. 

In 1939 Olitsky (106) made the important observation that en- 
cephalomyelitis virus could be recovered from the intestinal contents 
of apparently healthy mice. Later studies on this subject have 
revealed the followng facts (107, 108, 161), In sucklings the virus 
has never been found even if the mother was a carrier or was infected 
experimentally. At the age of weaning from two to four weeks, virus 
can occasionally be found in the intestines. ITrom then on the fre- 
quency of positive findings rapidly increases so that at the age of 
six weeks practically 100 p. c. of stock mice carry the virus in their 
guts and excrete it with their feces. They remain carriers for shorter 
or longer periods of time, in some instances probably for life. 

Virus can be recovered from feces, from the intestinal contents, 
from the intestmal wall, frequently from mesenteric lymph nodes, 
occasionally from the stomach contents but not from the stomach 
wall, never from oesophagus nor from any part of the head and not 
from any interior organs. The actual site of infection and multi- 
plication of virus is not definitely known. After rmsing of the girt 
in running tapwater with gentle rubbing of the mucous membrane 
it will be found on histological examination that considerable quan- 
tities of intestinal contents arc still retained in the crypts and between 
the villi of the mucosa. From intestinal wall thus treated, vims is 
easily recovered. When the guts arc washed more energetically by 
repeated shaking with water or physiological saline solution, the 
mucous membrane will be severely injured, most villi completely 
destroyed and only the basal parts of the epithelium left. In spite 
of this, contents are likely to be found still clinging to remnants of 
the mucous membrane. Pcycr’s patches are usually well preserved. 
Such preparations have generally a low vims content and are occasion- 
ally vims free. It seems probable, therefore, that the vims is to be 
found either in the superficial parts of the mucous membrane or 
extracellularly on the surface of the epithelium. The presence of 
virus in the lymph nodes might be interpreted as the result of absorp- 
tion rather than as evidence of invasiveness. 

Furthermore Olitslcy has been able to demonstrate the presence of 
virus in wild mice, trapped in the laboratory, but so far not in wild 
mice caught at some distance from places where stock mice were 
housed (111). 



Human, murine and porcine poliomyelitis. 

Students of poliomyelitis have long been used to lookmg upon this 
viras as something absolutely unique, in a way of speaking as a 
gruesome privilege of the human race. From a scientific point of 
view this attitude is of course absurd. The existence of coordinated 
types of the virus with different host specificity might be denied but 
not until the facts have been taken into unbiased consideration. If 
on the other hand relationships are found, close enough to support 
the conception of different strains as variants or types of the same 
species, it would be only logical to express this view in the choice 
of nomenclature. 

Iguchi (73) suggested the name mouse poliomyelitis for Theiler’s 
disease, and this terminology was adopted by Olitsky. From certain 
quarters, however, objections have been raised against the premature 
use of this name, especially on behalf of the confusion brought about 
by Jungeblut and Sander’s observations. The problem of the syste-^ 
matic position of Theiler’s virus has undoubtedly gained in impor- 
tance after the establishment of murine strains of the human virus. 
This fact might justify an attempt to review the present state of 
the question. 

Of the two viruses, that might be classified with the poliomyelitis 
virus, that of mouse encephalomyelitis has been by far the most 
extensively studied and an analysis of the situation must be concerned 
principally vrith this virus. Available data on the Teschen disease 
quoted from the literature will however be included in the following 
survey, which is presented in tabular form in order to avoid reiter- 
ations. (Table I.) 

A few items of the table need some further elucidation. 

The seasonal distribution in poliomyelitis is very characteristic, 
the peak of the frequency curve almost invariably to be found in 
the fall. This is particularly conspicuous in the cold and temperate 
climates of the northern as well as the southern hemisphere. In sub- 
tropical zones the distribution is much smoother, and in the tropics 
seasonal differences are hardly noticeable. A sumlar frequency distri- 
bution of the spontaneous mouse disease has not been observed, with 
the possible exception mentioned on page 11, when in the course of 
one year a total of four cases was observed in the mouse colony m 
question, all of them within a period of two weeks in August and 




Human 

poliomyelitis 

Mouse 

oncophalomyolitis 

Tcschon disoaso 

Clinical 

picture 

Proparalytic stage 
of fever and me- 
ningeal 63 nnptoms. 

Not known 

Fovor and moningoal 
sj'mptoms. 


Paralytic stage: 

Flaccid paralysis, 

mainly of tho limbs. 

Tlio same 

Tho samo 


Tlio ascending typo 
of paralysis com- 
mon. 

Tlio samo 

Tho samo 


Cerebral forms exist, 
with nfo.\-ia and 
spastic symptoms. 

Cerebral forms exist, 
tonic-clonic convul- 
sions main symp- 
toms. 

Cerebral forms com- 
mon in young ani- 
mals. Spastic symp. 
toms. 


Non-paralytic forms 
exist. 

Tho same 

Tho Bamo 


Incubation period of 
experimental disease 
usually 10 — 14 days. 

Tlio same 

Tlio same 

Pathology 

No gross lesions. 

Tlio same 

Tlio samo 


■ffistological lesions 
confined to tho CNS. 

Tlio samo 

Tlio samo 


Primarj’ process: 

neuronal disintegra- 
tion, nouronophagia. 

Tlio samo 

Tlio samo 


Secondary featiu'cs: 
glial reaction, round 
coll infiltration, peri- 
vascular cuffing. 

Tlio samo 

Tho samo 


Principal site of le- Tlio samo 
sions: anterior horns 
of tho spinal cord. 


Tho same 
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Human 

poliomyelitis 


Mouao 

encephalomyelitis 


Table I cent. 


Teschen disease 


logy 


Epidemic attack rate 
sometimes up to 10 

p. c. 


ren and yoimg advdts 


tea cl 

seasonal 

tion. 


distribu- 


known, probably ali- 
mentary tract, prin- 
cipally intestines. 

Elimination of virus: 
principally feces. 

True contact cases 
probably rare. 


Immrmo- Keinfections are 
logy very rare. 


Attack rate about 
1:6 000. 

Epizootic attack rate 
up to 60 p, 0 , 

Prevalence of young 
mice. 

Prevalence of young 
animals. 

Seasonal distribution 

Cold-wet seasons 

even. 

preferred. 

Not known. Prob- 
ably intestines. 

Not known 

The same 

Not known 

The same 

The same 


Solid immunity after The same 
recovery from spon- 
taneous or experi- 
mental infection 


Immrmologically dif- The same 
ferent strains of vi- 
rus seem to exist. 

Neutralizing sub- The same 
stances appear in 
the blood with age. 

Apparently no con- 
nection with clinical 
disease. 

Attempts at precipi- The same 
tin reaction and 
complement fixation 
imsuccessful 


Not known 


Not known 


[Not made 
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Humnn 

poliomyelitis 

Mouse 

cncoplinlomyolitis 

'J'oRchon dMcnno 

Distribu- 
tion of 

virus 

In clinicnlly mam- 
fost crtBORt Virus lu 
tlio CNS but no 
other tis.sucs es- 
copt tho intestinal 
wall nnd Bometimes 
me.sentcric lymphno- 
cles. 

The same 

Viru.s in tho CNS. 
Intestines with con- 
tenf.s not examined. 

' 

Healthy carriers har- 
bour virus in the 
intestines. To what 
extent not knorni. 

Carrier atato is the 
rule. 

Not known 

Properties 
of tho 

wrus 

Infoctiosity spect- 
rum narrow: man. 
certain primates, oc- 
cnsionally cotton rat 
and tnouse. 

Infectiosity si>ect- 
rum narrow: nlhin- 
otie mouse, Kray 
mouse, occasionally 
eolton mt. 

Ortlinary labomtorj’ 
animals rrfmetory. 


Under cxi>erimentnl 
conditions strictly 
neurotropic. 

n»e pame 

'rite rame 


Gcnemlly not cxil- 
tivablo in tissue cul- 
ture. 

The same 

No nttemptn 

1 

1 


Filtration endpoint: 
30 mjx. 

Filtration endpoint: 
30 inji. 

Noi ntUfliVd 

i 

t 

1 

rtcmarkable resi- 

stance in vitro. 

Tito same 

Not Httidie<l 1 

1 


September. The domc.sticntion of the nnimnls, however, mnkc.s u 
direct comparison meaningless. From n climatic point of view (lie 
domesticated mice might he said to live under conditions close to 
those prevailing in the tropics. 

The portal of entry of the virus of human poliomyelitis is not de- 
finitely knovm. From c.xpcrimcnts on Rhesus monkeys, ^\•hich can 
be “naturally” infected only through nasal instillations, it was 
generally assumed that the olfactory region of the nasal mucou.s 
membrane was the main portal of entry, and that the disease was 

2 — 43200. S.Gard. 
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transmitted tlirougli droplet infection. In Rhesus monkeys infected 
intranasally characteristic microscopic lesions are regularly produced 
in the olfactory bulbs (131). In human cases of poliomyelitis, however 
lesions seldom occur in the olfactory region of the brain and parti- 
cularly not in the olfactory bulbs (54, 60, 62, 65, 129). Howe and 
Bodian (70) analysed the spread of virus and distribution of lesions 
in the CNS after experimental infection of chimpanzees along dif- 
ferent routes. They found that the localization of lesions often showed 
a characteristic pattern, owing to the mode of infection. Examining 
a number of human cases from this point of view (71), they found a 
distribution indicating that the virus had gained access to the CNS 
through the spinal roots, probably from the intestines, althougli 
the cutaneous route could not be excluded. In one case it was possible 
to locate the portal of entry to the mouth and throat. Earlier observa- 
tions had called attention to the possible connection between ton- 
sillectomy (3, 38) or tooth extraction (45) and subsequently appearing 
poliomyelitis, likewise pointing towards the alimentary rather than 
the respiratory tract as portal of entry. 

These observations combined with the fact that virus can be re- 
covered only occasionally and in small quantities from nasal washings^ 
but almost regularly and in large quantities from stools, decidedly 
favour the theory that the entry point of the virus is to be found in 
the alimentary tract. As a further indirect evidence of the alimentary 
mode of transmission versus droplet infection may be mentioned 
that Rhesus monkeys, which succumb to intranasal but are refrac- 
tory to alimentary infection never contract the disease spontaneously 
even if caged with experimentally infected animals, whereas spon- 
taneous infection of chimpanzees, which are readily susceptible to 
infection from the alimentary tract has been observed (104). Although 
definite evidence in the form of details about the mechanism of in- 
vasion is still lacking, the recent development of our knowledge on 
this point strongly supports Kling’s theory of poliomyelitis as a 
waterborne disease, according to which alimentary mfection was 
postulated (84). 

^ Preparations termed nasal -washings in the literature have as a ride been 
combined nasal and throat -washings. To the -writer’s kno-wledge no serious 
attempts have been made to avoid contamination -with throat discharge. The 
-virus found in preparations of that kind must, therefore, not necessarily on 
ginate from the nasal mucous membrane. 
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In the case of mouse encephalomyelitis the present data tend to 
show that an apparently symptomlcss infection of the intestines is 
the normal course of the disease, while the typical paralytic form 
has to be regarded as a rare accident. Since mice arc habitually 
coprophageous, it is natural to assume alimentary transmission of 
the infection. Attempts to establish enteric infection and carrier 
state in sucklings by feeding with active vims have failed, however. 
Sometimes the mice thus treated succumb in an invasion of the GNS, 
while in the remainder the vims is rapidly eliminated from the in- 
testines, usually in the course of 24 hours. In suckling mice, there- 
fore, some condition necessary for the development of carrier state, 
even temporary, seems not to bo fulfilled. It is close at hand to 
connect the act of weaning and the changes of the inte.stinal bac- 
terial flora, thereby induced, with the apparent change in disposition 
to enteric infection. On tliis point, however, no significant observ’^a- 
tions have been made so far. 

As to the mechanism of invasion of the CNS and the point of entry 
nothing is definitely known. One case was examined from tliis point 
of view by the present writer. In serial sections of the CNS it was not 
possible to detect any lesions in the olfactory bulbs or at any level 
above the oblongata. In analogy with the observations by Howe and 
Bodian this would indicate that the vims had gained access to the 
CNS through the spinal roots, pointing towards the intestines as 
portal of entry. 

The theory of transmission of poliomyelitis through personal con- 
tact was previously generally accepted and is still advocated in spite 
of the fact that secondary cases explainable through direct contact 
are extremely rare. One had therefore to assume indirect contact 
through symptom-free intermediate carriers as the normal mode of 
transmission. The comparatively rare institutional and family out- 
breaks of the disease were usually quoted as instances of direct con- 
tact infection. The time interval between family cases is generally 
less than a week, which fact led to the assumption of a very short 
incubation period, hardly in line with the experience from experi- 
mental poliomyelitis. An analysis of some institutional and family 
epidemics in Sweden showed, however, that these could be reasonably 
explained as cases of simultaneous infection with variation in the 
length of the incubation period within the limits usually observed 
in experimental poliomyelitis, another indirect evidence of alimentary 
transmission (45). ^ 


The neutralization reaction in poliomyelitis has been subjected to 
extensive study. The comprehensive literature in this field will not 
be reviewed in this connection; the experimental results only may be 
summarized as follows. The frequency of positive neutralization 
reaction increases with age. The frequency of positive reactions in 
convalescents is usually slightly below that of normals of the same 
age. The neutralizing titer of pooled convalescent serum is usually 
lower than that of pooled normal serum. A positive reaction affords 
no reliable protection against infection, Trask and Paul actually 
describe a case, where the reaction was positive on the third day of 
illness and after three weeks, but negative on a later occasion (157). 
There is, thus, little evidence to show any connection between the 
typical disease and the appearance of neutralizing substances m 
the blood. Whether this process is to be regarded as an espression 
of developing maturity resistance (“autarcesis”, Aycock) or as the 
only visible response to repeated enteric infections cannot be settled 
at present. 

Regarding mouse encephalomyelitis Olitsky has shown that serum 
from normal adult mice is capable of neutralizing the virus, and that 
no differences in this respect could be demonstrated between normal 
and convalescent serum (109). 


* =!-• 

Prom the data in table I it is evident that the viruses of human 
poliomyelitis and mouse encephalomyelitis are closely related. In the 
writer’s opinion particular weight should be attached to the identity 
of host reaction against infection and to the identity of particle size 
of the viruses. 

Typical neuronophagias are considered pathognomonic for polio- 
myelitis, They are seldom observed in other virus infections of the 
CNS but they are always present in poliomyelitis, at least in the early 
stages of the disease. The micrographs of plate I reveal the remar 
able similarity of histopathology in mouse encephalomyelitis an 
experimental poliomyelitis in monkeys. ^ . 

This feature refers, however, primarily to the host. More sigffl 
ficance as evidence of a true relationship must be attached to t e 
results of the filtration endpoint determinations. With the technique 
introduced by Elford (32, Zi) easily reproducible results can be ob- 
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tained. The particle size of a certain virus seems to be a fairly con- 
stant quality, at least no appreciable variation can be detected by 
present methods. The filtration endpoint must therefore be regarded 
as an important characteristic of a virus. For instance two viruses 
with similar climcal manifestations as those of vesicular stomatitis 
and of foot-and-mouth disease can easily be distinguished by 
means of ultrafiltration, one having an endpoint of 120, the other 

of 25 mp. • 

In a filtration experiment on poliomyelitis virus Theiler and Bauer 
(149) found that the virus passed a 35 mp membrane in one out 
of 4 tests, but had negative results with a 30 mp membrane in 6 
tests. Elford, Galloway and Perdrau (35) found that the virus passed 
readily 40 m^i membranes, and in one instance out of 6 tests a 27 mp 
membrane filtrate apparently produced immunity in the test animal, 
although no clinical infection was obtained. As positive evidence 
this result must be considered questionable and 30 mp as retaining 
pore diameter would be a safer estimate than the value of 25 mp, 
assumed by Elford. As already mentioned, Theiler and Gard (150) 
found that the mouse encephalomyelitis virus readily passed 35 mp 
membranes, but was retained by a 27 mp membrane. In this case, 
too, an estimate of 30 mp for the filtration endpoint is reasonable. 
According to Elford’s formula the particle diameter of both viruses 
can be calculated to 10 to 15 mp (33). 

In the range of filtration endpoints between 25 and 35 mp no other 
neurotropic viruses are represented, and only one additional animal 
virus, viz. that of foot-and-mouth disease. Under these circumstances 
identity of particle size must be considered as strong evidence of 
close relationship. 

All facts considered, there remains in the writer’s opinion no essen- 
tial distinguishing differences between the viruses discussed except 
the species speciKcity. As the situation is, they must be conceived 
as variants or types of the same species until evidence to the contrary 
can be produced. Consequently they should be classified together 
and uniformly denominated. From several points of view the name 
poliomyelitis virus is most unsatisfactory. It is, however, established 
by usage, and until the question of virological nomenclature has been 
brought out of its present state of confusion, this name has to be 
accepted. In the following, therefore, the respective diseases will be 
called human, murine or mouse, and porcine or swine poliomyelitis, 



and the causal agents referred to as poliomyelitis viruses of the hu- 
man, murine, and porcine types. 

The experiments to be reported were to a certain extent based 
upon this conception as a working hypothesis. In this study the 
mouse disease and its virus served as model of the human poliomye- 
litis, All methods were accordingly worked out in detail in experi- 
ments on the mouse virus and then simply applied to human strains. 
As will be shown in the following this simplification was justified 
by the results. 
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It seems to be ver}' important to begin the specific treatment 
at the earliest possible moment and to give fairly large doses of. 
antibody immediately. 

For Patient No. 2 the diagnosis was made very quickly and a 
vigorous specific treatment was commenced only 24 hours after 
the onset of the disease. Complete cure was obtained in a very 
short time. However, one contributory factor was possibly the 
circumstance that the patient was a relatively old child (5 years). 
As already stated, prognosis is best for older children. 

"WTiile the treatment is in progress the temperature curve will 
be of only little guidance. In the case of one of those who died 
(No. 5) there was an intial faU in the temperature, decreasing cell 
count and transient improvement. As the patient was only 7 
months old, was very ill and the onset of the disease was at least 
six days before, a more intensive treatment ought to have been 
instituted from the start, but this was imjiracticable owing to 
lack of serum. The rapidly falling titre for free antibody in the 
blood shows that the treatment was insufficient. It is also possible 
that serum should have been administered intraspinally. 

In respect of Patient No. 4, for whom the bacteriological diag- 
nosis was made somewhat late owing to the slow growth of the 
bacteria, a distinct improvement was observed in the general 
condition under the sulphonamide and penicillin treatment, 
the temperature became normal and the pleocytosis subsided, 
although bacteria were still found on cultivation. However there 
was a rapid relapse, and a quick cure was only effected after the 
application of a large quantity of antibody. 

On the other hand, a persistent temperature increase may be 
a result either of the sulphonamide therapy (drug fever) or the 
administration of antibody (serum reaction). This was undoub- 
tedly the case with Patient No. 1 and probably also Patient No. 6. 
In the latter instance, however, we considered it necessary to 
prolong the treatment because bacteria appeared twice in the 
spinal fluid after it had been sterile. In all the patient was given 
770 ml serum = 1,071 mg specific antobody-N divided over 14 
injections spread over a period of 33 days. Neither in this nor in 
the other cases did we observe symptoms of any gra\dty attribut- 
able to the administration of non-specific protein. As a general 
rule, however, it will undoubtedly be better to apply large quan- 
tities of serum at the very beginning rather than continue ad- 
ministration over such a long time. 
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monkey poliomyelitis. It is usually observed only in animals infected 
with a medium amount of virus. During this stage the maximum 
concentration of virus in the brain is not yet attained. 

The second stage is characterized by temporary attacks of tonic- 
clonic convulsions. These fits are usually provoked by mechanical, 
acoustical or optical irritaments but sometimes they seem to appear 
spontaneously. Spinning the aiiimal by the tail seems to be a reliable 
way to incite them. They are usually of short duration, about 30 
seconds. After an attack a refractory period sets in, during which 
it is impossible to incite a new fit. A typical attack begins with twit- 
ches of the eyelids and jerks of the head, the back is stretched, 
sometimes the animals turn over backwards, and characteristic clonic 
movements of the fore limbs set in. In laboratory slang this condi- 
tion is called “jitter-bug disease,” which is an exellent description 
of the behaviour of the animals. (Plate I) Sometimes the mere con- 
tact with the floor incites spastic movements of the legs and the ani- 
mals make a series of grasshopper-like jmnps of considerable height 
and length. A fit often terminates in a tonic convulsion, during which 
the back is extremely stretched, the fore legs pressed against the 
chest and the hind legs stretched backwards. Respiration temporarily 
ceases and sometimes death occurs. 

If the animal survives the early attacks, the third stage enters. 
Symptoms are now permanent. The animals look obviously sick. 
The fur is ruffled. The back is hrmched. Their appetite is lost. Motor 
disturbances are common: convulsions, spastic or flaccid paralysis. 
In the males permanent erection is observed almost invariably. 

Sometimes, preferably in old animals, no encephalitic symptoms 
appear. Then the disease takes the classical course with flaccid para- 
lysis as the main symptom. In this case, however, the fore legs are 
more often involved than the hind legs, and the general condition 
of the animals usually more affected than in the classical disease. 

The mortality rate is practically 100 p. c. Sometimes, however, 
old nnimalR survive an experimental infection. 

The clinical picture is to a certain extent dependent upon the route 
of infection, (a) After intracerebral inoculation the incubation period 
varies with the amormt of virus injected from 2 to 20 days. The 
course of the disease is as described above, encephalitis being the 
principal feature, (b) . Infection by the intranasal route is possible, 
when large amovmts of virus are used. After an almost constant 
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incubation period of 16 days, tbe animals develop an cncepbalitis. 
The mortality, rate among animals showing symptoms is practically 
100 p. c. (c) After intraperitoncal inoculation of large amounts of 
virus a certain percentage of the animals show the classical symptoms, 
i. e. flaccid paralysis, usually of the ascending tj^e. Encephalitic 
symptoms are rare. The mortality rate is definitely lower, usually 
about 50 p. c. The incubation period is constant and about 10 days. 
— The susceptibility of the mouse to infection by the intracerebral 
route is about 100 000 times as high as by the intranasal and about 
10 million times as high as by the intraperitoncal route. 

The lesions are identical with those of the classical disease: 
disintegration of ganglion cells with neuronophagia, glial reaction 
and round cell infiltration, mainly perivascnlaxly. The most intense 
reaction is found in the basal parts of the brain and the brain stem, 
the cortex is regularly affected, although less intensely. (Plate I) 
In the h 5 rperacute cases usually no lesions are found in the cord. 
Cases of longer duration, however, show typical lesions in the anterior 
horns. 

The maximum concentration of virus is found where the lesions are 
most pronounced, i. c. in the brain. During the second stage of the 
disease the brain is regularly infective in the concentration 10~^, 
when inoculated intracerebrally in 0.02 ml amounts. The infcctivity 
of the spinal cord is definitely lower, usually by two or three powers 
of ten, except after intraperitoncal inoculation when the same 
maximum concentration is reached. 

In ultrafiltration and cross immunization experiments the FA 
strain has been identified by Theiler and Card as a strain of mouse 
poliomyelitis virus. 

When used in the experiments to be described in the sequel the 
strain had been maintained in brain to brain passages through more 
than 100 generations. As a rule each experiment was set up with a 
fresh passage of virus, the entire series of experiments, therefore, 
being extended over further about 50 passages. No appreciable 
changes of the virulence or any other characteristics of the strain 
were observed during the period in question. 

In a few experiments the less virulent strain UF I was used. This 
strain originated from an apparently healthy mouse, 6 weeks of age 
and was isolated from the ether-treated intestinal contents of the 
animal. It has been maintained in cord to brain passages. After 
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intracerebral inoculations of 0.02 ml of a 10 p.c. cord suspension, 
tbe attack rate bas been almost invariably 100 p. c., and the incuba- 
tion period between 10 and 15 days. The clinical picture has always 
been of the classical type without any signs of encephalitis. The 
histological lesions produced have been typical. 

No experiments on passage strains of human poliomyelitis were 
carried out. 


Sources of vims. 

In several cases allantoic membranes, amniotic fluid or tissue from 
infected chick embryos has served as an excellent starting material 
in purification experiments on account of their high virus content. 
As will be reported later in detail, it is possible to propagate the 
mouse poliomyelitis virus in the growing chick. The infectivity of 
the embryonic tissue remains, however, on a very moderate level. 
For purification purposes, therefore, this source of material offers 
no advantages. 

Tissue culture fluid, being practically free from coarse tissue debris 
and high molecular proteins, would be an ideal starting material. 
In attempts to cultivate human poliomyelitis virus on chick embryo 
brain tissue culture, success was reported by GUdemeister (52) and 
later confirmingly by Pauli (118). Sabin and Olitsky (130) were 
xmable to confirm Gildemeister’s observation but found that their 
strain of virus could be propagated in tissue culture of hmnan embryo 
brain. Kecently Jimgeblut and Sanders (76) foimd the murine Sk 
strain easily cultivable on mouse embryo brain tissue culture. 

In spite of previous failures by the present author (rmpublished 
data), numerous experiments were set up in attempts to establish 
mouse poliomyelitis virus in tissue culture. As all efforts towards that 
end remained unsuccessful the experiments will be only briefly sum- 
marized. The tissues tested were mouse embryo brain, whole mouse 
embryo, chick embryo brain and whole chick. The culture fluid con- 
sisted of Tyrode’s solution, with or without serum. Human, monkey 
and mouse serum as well as serum ultra filtrate (135) were used. The 
cultures were incubated at 37 and 18° C, aerobically as well as ana- 
erobically. The virus remained active in these cultures for consider- 
able periods of time, especially at room temperature. In no instance, 
however, an increase in activity could be detected. When subcultures 
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were made at intervals of five or ten days, the virus could seldom 
be traced beyond the fifth subculture. 

The choice of source of virus was, therefore, restricted to infected 
brain and cord, or feces. lu the course of the investigation observa- 
tions were made, suggesting the possibility that differences might 
exist between virus isolated from the CNS and virus from the in- 
testines of the same host. Until this question has been definitely 
settled, it seems reasonable to make a distinction between virus pre- 
parations derived from different sources. It must be pointed out, 
however, that the expressions neurovirus and intestinal virus, which 
will be employed in the sequel, merely indicate the origin of the virus 
but do not necessarily imply fundamental differences. 

In purification experiments on neurovirus from mice usually 
batches of 600 brains were prepared. The animals were killed with 
chloroform as soon as definite symptoms had appeared, the brains 
removed aseptically and stored in 50 p. c. glycerin in the cold imtil 
used. For collection of feces the animals were caged on sifted saw- 
dust in large boxes. Every two or three days the litter was collected 
and resifted under gentle rubbing and pressure. Practically only 
feces remained on the sieve, while sawdust, crumbs of bread and the 
like passed the meshes. 

Purification experiments on human virus were likewise carried 
out on nervous tissue and intestinal contents. At a number of autop- 
sies on t 3 q)ical cases of poliomyelitis, brain and spinal cord were 
removed. Attempts to maintain bacteriological sterility were not 
made. The material collected was stored in 60 p. c. glycerin in the 
cold until used. Brain and spinal cord from one lethal case of 
ventricle cancer and from a man who died from injuries suffered 
in an accident served as control material. 

As source of intestinal virus colon washings and clysters were used. 
The material originated from hospitalized typical cases of poliomye- 
litis. Washiugs of from one to two liters were collected, sent to the 
laboratory, and treated immediately. The samples were taken pre- 
ferably during the first two weeks after onset of the disease. “Nor- 
mal” controls, colon washings from a number of cases without symp- 
toms from the central nervous system, were obtained from the Me- 
dical School Hospital of the University of Upsala. Finally samples 
of feces from a number of healthy contacts were secured. 

In an appendix on page 163 the hospital record numbers of all 
cases included in this study are filed. 
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Inoculation technique and diagnosis. 

In tlie infection experiments tte intracerebral route was used 
tKrougliout. Tlie test material, consisting of different fractions from 
the purification process, was usually not hacteriologically sterile. 
On account of unavoidable losses of activity filtration could not be 
performed. On some occasions the solutions were treated with ether 
before inoculation but when this was not practicable even such pre- 
cautions had to be omitted and the material was inoculated without 
further treatment. In spite of this, intercurrent infections to be 
ascribed to bacterial contamination of the inoculum were never 
encountered. 

All inoculations were carried out tmder ether anesthesia. For 
anesthetization of mice the following simple device was employed. 
From a gasometer air was bubbled through a flask containing water 
and ether, and immersed in a waterbath of 20 to 25° C. From this flask 
the air was led to the bottom of a glass jar with an inserted wire net 
bottom, on which the animals were kept. By means of this arrange- 
ment it was possible to apply a mild and even anesthesia simultane- 
ously to a large number of mice. 

For the inoculation of mice tuberculin syringes and 20 gauge 
needles were used. Without previous shaving or surface disinfection 
of the skin the needle was inserted through the right parietal bone, 
and an inoculum of 0.02 ml deposited at a depth of about 3 mm 
below the brain surface. On monkeys the skin was shaved and dis- 
infected with alcohol over the left temporal bone, a slit made with a 
knife and the bone trepanned, the 12 gauge needle of a syringe in- 
serted, and an inoculum of 0.5 ml deposited at a depth of about 1 
cm in the temporal lobe. 

The diagnosis of mouse poliomyelitis was based principally upon 
the clinical manifestations. In tests of crucial character, however, 
sections were prepared and examined microscopically. In the mon- 
keys the rectal temperature was recorded in daily measurements 
and the motility carefully controlled while the animals were being 
exercised in a special large cage. In case of typical symptoms the 
animals were sacrificed after the fall of the temperature, and autopsy 
performed. Sections of the CNS were regularly prepared and ex- 
amined microscopically. As a rule control of bacteriological sterility 
was carried out only when the presence of gross lesions suggested 
bacterial infection. 
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Stock animals. 

Already now it may be pointed out that in the kind of experiments 
to be reported tbc breed of test animals used is of the utmost im- 
portance for the imiformity of the results. This was clearly realized 
from the start, and attempts were made to secure a pure breed of 
mice. No such animals were, however, available. There was finally 
obtained a mixed breed, descent not known, but very uniform of 
appearance and size and in good condition. This stock has since been 
maintained through inbreeding. 

As the possible presence among the test animals of latent virus 
infections, that might interfere with the experimental results, is a 
factor of great importance, several attempts were made to clear up 
the situation in this respect. Various methods of provocation were 
tested now and again with special attention to the viruses of chorio- 
meningitis, ectromelia and mouse influenza. No latent infections 
could be discovered. 

Each summer, however, begirming in July or August and extending 
over September and part of October, a sharp increase in the mor- 
tality rate of the stock animals was observed, concerning principally 
sucklings and females during the first two weeks after delivery. 
Sometimes the animals were found dead without having previously 
shown any signs of disease. As a rule, however, they were in a bad 
condition for one or two days preceding death, with loss of appetite 
and emaciation. With the exception of an occasional diarrhoea 
usually no local symptoms were observed. Sometimes, however, 
convulsions and spastic or flaccid paralysis occurred, not \mlike 
symptoms of mouse poliomyelitis. Gross lesions when foxmd at 
autopsy, were restricted to the skeleton, and consisted of a certain 
porosity of the bones and frequently proliferative excrescences of 
the ribs and the vertebrae. Numerous sections of the CNS were 
carefully examined for the presence of poliomyelitic lesions. Now 
and again degeneration of ganglion cells in the spinal cord was ob- 
served but never any t3rpical lesions. Passage experiments with 
various organs employing different routes of inoculation remained 
unsuccessful. Aerobic and anerobic cultures in plain broth and on blood 
agar from spleen, liver and lymph nodes were consistently negative. 

Animals of this stock were sold to two other laboratories and used 
for breeding purposes. In none of these places the same calamity 
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was encountered. Although no dietary changes were instituted the 
disease was finally interpreted as an acute vitamine deficiency 
possibly on the basis of gastro-intestinal disturbances. 

During that part of the year when the conditions just described 
were prevalent in the animal rooms, experimental work became ha- 
zardous, partly because the numerous deaths among the test animals 
could not always be accormted for and partly because the mice 
during that period showed an increased resistance against infection 
with poliomyelitis. Even routine passages of the less virulent strains, 
were almost impossible to carry through. Under these conditions 
it was found necessary to discontinue the mouse experiments during 
the months of August through October. 

On account of the international situation the supply of monkeys 
was very limited. Infectiosity tests could not, therefore, be carried 
out to the desirable extent, and titrations were out of question. Before 
being used the animals were subjected to a tuberculin test and then- 
rectal temperature recorded during at least one week. 



CHAPTER III. 


Measurement of virus activity. 

Many of the properties of viruses can be studied only indirectly 
by determining the effect of various treatments on the infectivity. 
Thus, it is obvious that advances in the knowledge of viruses is 
largely dependent upon the accuracy of the methods with which 
the activity is to be measured. It was, therefore, deemed necessary 
to pay special attention to questions connected with this problem. 


Revie^v of metbods. 

When the content of living bacteria of a given material is to be 
estimated, either one of two methods can be used, the plate count 
or the dilution method. There are advantages and disadvantages 
connected with both methods. The interpretation and evaluation 
of experimental data has been subjected to statistical analysis by 
several authors (56, 58, 93, 102, 124, 145). 

In determining the activity of a given virus material one must 
make a distinction between the number of virus particles and the 
virulence of the strain of virus. Unfortunately this has not always 
been the case. Prom some experiments in the literature it is impossible 
to decide, whether an observed “attenuation” of a virus is due to 
a decrease in titer or to be ascribed to a real change in the virus it- 
self. In this chapter only the enumeration of active virus particles 
is considered. 

By analogy with the bacterial count two different procedures for 
particle count of viruses have been developed. The “local lesion” 
titration corresponds to the plate count method. This procedure was 
originally introduced into plant virology by Holmes (64), who found 
that certain species of tobacco plants produced discrete lesions in- 
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stead of systemic infection, when their leaves were rubbed with mosaic 
virus containing plant juice. The number of lesions was dependent 
upon the virus content of the sap. Holmes compared the local lesions 
with bacterial colonies on an agar plate. The lesions no doubt re- 
present virus colonies, but as a method of particle count Holmes’ 
procedure differs fundamentally from the plate count. The surface 
of a tobacco leaf has only a limited number of entry points for the 
virus, mainly hair cells, which endure the mechanical injury necessary 
for letting the virus enter, and yet survive, thus permitting the 
multiplication of the virus. On the other hand each entry point can 
give rise to only one lesion regardless of the number of virus par- 
ticles that actually enter. On the basis of these assumptions Youden, 
Beale and Guthrie (166) have derived a formula for the relationship 
between number of lesions and actual virus content of the inoculum. 
This formula is 

y = iV (1 — e-"®) 

where y is the probable number of lesions, N the maximum number 
of lesions, i. e. the total number of entry points, x the virus concen- 
tration, a a constant and e the base of natural logarithms. 

It is thus evident that Holmes’ method does not permit the eva- 
luation of the actual number of virus particles present in a given 
solution. The titer value is only relative and must be compared with 
a standard. But as a method of evaluating the relative virus content 
it has been developed to great accuracy by Samuel and Bald (134) 
and by Youden and Beale (165). 

In animal virology a similar method has been based oh the dis- 
covery by Woodruff and Goodpasture (161) that the fowl-pox virus 
could grow on the chorioallantoic membrane of the developing chick, 
thereby producing easily recognizable proliferative discrete lesions. 
Since 1931, when this paper was published, a large number of viruses 
have been found capable of propagating on the chorioallantois and 
the technique has been used by Burnet, Keogb and Lush (22) for 
titration purposes, especially in connection with immunological 
studies. When proper precautions are taken the method seems to 
be very sensitive and yield results of great accuracy. So far no 
statistical analysis of the membrane technique has been published, 
but it must be considered probable tbat the analogy to the plate 
count is more strict than in the case of Holmes’ method. From a 
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^A^'S CIIR. ENGBit^K. 


It being the general rule that the fe^v streptomycin-resistant 
bacteria in an otherwise sensitive culture are sensitive to sulphon- 
ainicles, treatment with agents of this group will slow down the 
rate of multiplication of the streptomycin-resistant bacteria 
and thus possibly prevent the development of resistant strains. 

Working on this theory Alexander <& Leidy (1947) (4) tried 
treating the severe cases of meningitis with streptomycin and 
sulphadiazine alone. So far, however, the material is onh’ small. 

In their latest work (4) these two authors advise the administra- 
tion of .streptomycin in doses of 44 mg per day kg body Avoight. 
The injections should be given intramuscularly every three hours, 
in addition to once a day intrathecal ly, 25 mg for children under 
three years, 50 mg for older ones. The first two injections may 
be given with an interval of 12 hours if necessary. To avoid the 
serious toxic symptoms, the streptomycin treatment should not 
be continued longer than four or five days. AYhat is not achieved 
by this treatment will scarcely be achieved by longer do.sing. 

It might have been anticipated that with the intensive treating 
of Pfeiffer meningitis many of the serious cases which now surAuve 
Avould manifest .signs of deep, irreparable cortical changes and 
hydrocephalus. To judge from the literature, this is not the case, 
even if there arc isolated descriptions of such after-effects. 

Own Obserrations. 

As the combined sulphonamide-serum treatment led to a decided 
improvement of the prognosis for Pfeiffer meningitis in Denmark 
also (Brochner-Mortensen, Engbmk & Schmith, 1947) (7), it was not 
considered advisable, having regard to the former very grave 
prognosis and the relatively small number of patients, to abandon 
this therapy for treatment with streptomycin alone, experience 
of this being only small as yet, judging by the literature. 

Now that streptomycin has become available in Denmark, it 
has been recommended that for the present all patients should as 
far as possible be treated with streptomycin as well as sulphon- 
amide and tj’yie-specific rabbit immune serum. 

Up to May 1st, 1947, this combined treatment Avas given to 
a total of seven patients from all of whom Pfeiffer’s bacillus 
type b Avas cultiA^ated from the spinal fluid. 

The principles governing the senim and sulphonamide treatment 
are the same as those, described in the above-mentioned A\’ork. . 
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quency figures but from their accumulated sums. The result of 
this operation is a weighted mean and thus more reliable. 

The accuracy of the 50 p. c. endpoint titration method has been 
tested by Horsfall (66) on influenza virus. Using Reed and Muench’s 
modification he found a mean deviation of + 0.17 expressed in 
terms of log dilution, when the test groups comprised five animals. 

It is obvious that statistical methods and formulas, developed 
for the purpose of evaluation of bacterial counts, are applicable to 
any suspension of particulate material in a fluid and thus must hold 
true also for virus suspensions. The formula 

P = 1 — (J) 

for calculation of the probability of takes, P, at any given concen- 
tration of virus, X, when amounts of the volume a are being inoculated, 
has been experimentally tested by Parker with vaccinia virus (112), 
This author foimd a fair agreement between the actual rate of takes 
and the calculated values. We will return later to Parker’s experi- 
ments. 

In most cases of experimental virus infections the incubation period, 
i.e. the time interval between inoculation and appearance of symp- 
toms, is an almost constant quantity. Sometimes, however, the length 
of the incubation period is largely dependent upon the amount of 
virus inoculated. It seems logical to attempt to use this additional 
information about the quantity of virus inoculated for titration 
purposes. Bryan and Beard (17, 18) found a linear relationship 
between log dilution and incubation period in virus induced rabbit 
papilloma. This relationship can be expressed in the following 
formula 

— = h (log jDj — log Pg) (^) 

where and are incubation periods corresponding to two different 
dilutions of the same material with the dilution factors Pj and 
P 2 resp. They found that the slope of this line measured by the factor 
h was constant regardless of the origin of the virus or the resistance 
of the rabbits. Comparing the titration curves obtained with the same 
virus preparation but in animals of different susceptibility, they 
foimd that the two straight lines ran parallel but at a certain distance 
from each other. These observations led to the following titration 
procedure. In a series of experiments a standard curve was obtained. 
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froiD. wliich. tlie factor b could be calculated. In an experiment witb 
purified virus this standard curve was fitted to the 60 p. c. endpoint 
titer and both correlated to the protein content of the preparation. 
In an actual titration the test material is inoculated into two or more 
animals, which at the same time receive a kno^vn amount of a stan- 
dard virus. The incubation times arc read off and the mean difference 
between test and standard calculated. From the standard curve 
the corresponding difference in activity can be computed and the 
result expressed in terms of MID or mg virus protein per unit 
volume. 

The present writer (47) has described a similar procedure for ti- 
tration of certain strains of mouse poliomyelitis virus. In this case, 
however, there exists a linear relationship between the reciprocals 
of the incubation periods and log dilution. Thus, the incubation 
time formula is 

IJtj — \jL — h (log jDo — log Dj) (3) 

The factor b is not constant but varies with the resistance of the 
animals. Construction of a standard cuxv^c was, therefore, not 
feasible. There exists, however, a definite relationship between 
incubation time and 50 p. c. endpoint titer, that can be expressed 
as follows: 

loga = l/&f — c [d) 

when a is the number of MID inoculated, b the above mentioned 
factor, t the incubation time. From several experiments wdth dif- 
ferent virus material c was determined to approximately 1. A 
titration is done as follows. Suppose there are several tests to be 
compared with a standard. From the standard a series of five ten- 
fold dilutions is prepared, from each test two different dilutions. 
With each dilution a group of five or ten mice is inoculated intrace- 
rebrally with a standard amount (0.02—0.03 ml.) In each group 
the harmonic mean of the individual incubation periods is calculated. 
On the basis of the data obtained with the standard material a 
standard curve is constructed. Through interpolation in this curve 
the relative titers of the tests can be evaluated. 

About the two last-mentioned methods the following remarks may 
be made. The appearance of symptoms seems to coincide wth 
the maximum concentration of virus in the infected tissue. This 
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critical concentration is remarkably constant for a given virus and 
a given host. Probably only a limited number of virus particles can 
be produced in each susceptible cell. When this stage has been reached 
the cell ceases to function normally or disintegrates, and when the 
number of injured cells has extended sufficiently, clinically mani- 
fest disturbances appear. The regularity of the dependence of the 
incubation period upon the dose of inoculum, as demonstrated in 
the formulas (2) and (5), makes the assumption probable that the 
rate of multiplication of virus in the infected tissue, too, is a phe- 
nomenon of great regularity that could be expressed mathematically. 
Let us assume that one single virus particle for the multiplication 
to the critical concentration needs the time t. Let further y be the 
virus concentration at the time x after inoculation. Then (t— -a:) 
should represent the incubation time in the case of y particles being 
inoculated. In the case {2) we have 

t — (t~a:) = 6(log3/ — logl) (5fl) 

as log concentration corresponds to -log dilution. This leads to 

y = (5) 

where m is a constant. This is exactly the same function that is 
valid for a growing bacterial population in the logarithmic phase, 
and it means that each virus particle at constant intervals gives 
rise to a fixed number of new particles. To the writer’s knowledge 
no attempts have been made to verify this formula by direct ob- 
servations. 

In the case of mouse poliomyelitis we have 

l/(t — — 1/i = 6 (log y ~ log 1) «} 

or 

y ^ { 6 ) 

In this formula the exponent contains the variable factor m/{^ 
which increases with growing x. The rate of growth, therefore, should 
be “overlogarithmic” and the process of multiplication represent 
an autocatalytic phenomenon. 

It is difficult to visualize this autocatalytic process. Probably 
the generation time of new particles is decreasing with growing 
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concentration of virus, perhaps on account of a gradual disappearance 
of some inhibiting influence. The latter assumption might explain 
the difference in the influence of resistance on the factor b in cases 
(2) and (3). Resistance to papilloma infection causes only a parallel 
displacement of the titration curve, which means that either the 
number of entry points, i.e. susceptible cells, is smaller, or else a cer- 
tain number of virus particles are destroyed before having an oppor- 
tunity to come in contact with their substrate. Once in the cells 
they are no longer subjected to inhibitory influence and the rate 
of growth remains unaffected. The resistance to mouse poliomyelitis 
on the other hand should partially consist of an increase of the norm- 
ally existing tendency to inhibition of the rate of growth. Hence 
the effect on the shape of the titration curve. 


The membrane method. 

As the chorioallantois technique seems to be simple as well as 
accurate, it was decided to test this possibility in spite of the fact 
that several attempts by various authors to propagate human as 
well as mouse poliomyelitis virus in the developing chick have given 
entirely negative results. /Burnet (20), Gavrilov and Fester (51), 
Theiler (pers. comm.)/. 

By inoculation of the eggs the following simple technique was 
employed. After surface disinfection with alcohol the shell was 
punctured with a needle, the point of which was blunted so as not 
to injure the membranes. Two punctures were made, one over the 
air sac, the other over the embryo. Through suction the air sac 
was emptied and a new artificial air space produced over the embryo. 
In the transilluminator it was controlled that the chorioallantois 
had parted from the shell. The fine needle-point of a tuberculin 
syringe was inserted through the puncture into the artificial air 
sac and the material inoculated, the dose of inoculum being 0.05 
ml. The openings in the shell were sealed with paraffin and the egg 
returned to the incubator. The eggs were incubated at 37° 0 before 
as well as after inoculation. 

Experiment 1. In the first sories of experiments the eggs wore inoculated 
after 10 12 days’ incubation, i.e. at an ago when the specific lesions of the 
chorioallantois are most easily produced (21). Series of ten eggs were inoculated 
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with a bacteriologically sterile 10 p. c. suspension of infected mouse brain in 
physiological saline. At different intervals after inoculation two eg<fs were 
opened and the membranes and embryos examined. Lesions of the unspecific 
type were frequently found on the membranes from one to four days after 
inoculation. Wo specific proliferations were observed and no gross lesions in 
the embryo. Sections were made and examined microscopically. No changes 
of the specific type were found. Part of the membranes and embiyos vete 
ground with sterile sand and saline and inoculated intracerehrally into mice 
AH test animals were observed during four weeks without showing any symp- 
toms and when tested for immunity proved to be not immune. A few eoos 
were allowed to hatch in due time. The chickens were quite normal. The re- 
sults were so far completely negative. 

Since, iiowever, Kligler and Bemkopf (83) were able to propagate 
rabies virus in the chick embryo by using very young embryos for 
inoculation this technique was tested as well. 

Experiment 2. Using the FA strain of mouse poliomyelitis virus the following 
experiment was set up. A series of ten eggs was inoculated by twos at the age 
of 4, 5, 6, 7, and 8 days. The embiyos in the first pair both died on the day 
after inoculation, the remainder were all alive at the termination of the experi- 
ment. Of each pair one egg was opened on the fifth, the other on the tenth 
day after inoculation. Membranes and embryos were examined as usual. No 
gross lesions were observed. The embiyos were decapitated and the vertebral 
column removed. Membranes, CNS, and corpus of the embiyo were ground 
separately with sand and saline and inoculated intracerehrally into groups of 
five mice. The animals were observed during four weeks and surviving mice 
tested for immunity. The result of the activity tests is summarized in table II. 

The result is very clearcut. In no instance virus could be discovered 
in the eggs five days after inoculation whereas ten days after inocula- 
tion the CNS was infective in embryos inoculated at the age of five, 
s)x and seven days but not in eggs inoculated at eight days of age. 
In no instance virus was discovered in membranes nor in the corpus 
minus the CNS. 

In three more experiments of this kind essentially the same results 
were obtained. Inoculation at the age of 4 days generally caused 
premature death of the embryo, whereas attempts to infect 7 days 
old eggs in two instances were without success while in two instances 
comparatively small quantities of virus were present in the CNS. 

Experiment 3. A passage experiment was performed as follows. Infective 
CNS from an embryo inoculated at the age of 5 days in one of the above ex 
periments was passed to three eggs 6 days old. On the 10th day after inocu a 
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Table 11. 

Activity tests on eggs inoculated with the FA strain, 


Age of egg 
in days at 
time of in- 
oculation 

Test mode at 
time in days 
after in- 
oculation 

Material 

tested 

No. 

of mice 
inooulntod 

No. 

showing 

symptoms 

No. 

immune 

survivors 

5 

5 

membrane 

5 

0 

0 



CNS 

.'5 

0 

0 



corpus 

5 

0 

0 

.‘5 

10 

mombrano 

5 

0 

0 



CNS 

5 

S 

— 



corpus 

5 

0 

0 

« 

5 

mombrano 

r> 

0 

0 



CNS 

5 

0 

0 



corpus 

5 

0 

0 

6 

10 

mombrano 

5 

0 

0 



CNS 

r> 

_L 

— 



corpus 

5 

0 

0 

7 

5 

membrane 

5 

0 

0 



CNS 

5 

0 

0 



corpus 

r> 

0 

0 

7 

10 

mombrano 

r, 

0 

0 



CNS 

r> 

2 

0 



corpus 

5 

0 

0 

8 

5 

membrane 

5 

0 

0 



CNS 

5 

0 

0 



corpus 

5 

0 

0 

8 

10 

mombrano 

5 

0 

0 



CNS 

5 

0 

0 



corpus 

6 

0 

0 


tion the eggs were opened, the CNS harvested, pooled, ground with sand and 
saline, and passed to a now set of three 6 daj's old eggs. At the same time a 
titration in mice was made. One more passage of the same kind was made 
and the last harvest inoeulated into 15 eggs 10 and 11 days old. 10 days after 
inoculation the CNS was collected in the usual waj’^ and a pool of the material 
tested for activity in mice. The results of the titrations are summarized in 
table in. 

The activity was thus maintained unchanged through four passages 
but the virus was still not infectious to older eggs. 
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Table III. 

Activity tests on egg passages of the FA strain. 
Test made 10 days after inoculation. 


Passage no. 

Age of eggs at time 
of inoculation ' 

Virus content of 
CNS (log MID 
per gm.) 

2 

6 days 

4.16 

3 

6 D 

4.80 

4 

6 » 

4.16 

6 

10—11 » 

no virus 


Numerons sections of brain and spinal cord from infected embryos 
were exanained microscopically. A few slides suggested a slight 
increase in the number of cells but nowhere any definite and charac- 
teristic lesions could be detected. 

One more strain of mouse virus has been transferred to eggs. This strain, 
designated as UF I, of fecal origin, was of moderate virulence, the attack rate 
being about 80 p. c., the incubation time 10 — 16 days and the symptoms ex- 
clusively spinal. 6 days old eggs were inoculated and harvested, part after 5, 
the remainder after 10 days. No virus could bo detected in the 5 days’ harvest 
but two mice out of ten inoculated with CNS from the 10 days’ harvest came 
down with t 3 >'pical symptoms on the 16th and 17th day. 

Attempts were also made to transfer human poliomyelitis virus 
to eggs. For this purpose the L strain was employed, originally 
isolated by Levaditi in 1911 and since then maintained in monkey 
passages. Unfortunately these experiments had to be interrupted 
before any conclusive results were obtained. Even at the start of 
the experiments described above certain difficulties were encountered 
in procuring eggs of a satisfactory quality. In the winter 1941 12 
when the attempt now mentioned was made, the scarcity of eggs 
was pronounced and obtainable hatching eggs of low quality, prob- 
ably on account of vitamine deficiency of the chicken food. Most 
eggs, inocidated or not, died on the fifth to tenth day of incubation 
and it was practically impossible to carry through any passages even 
if as much as twenty eggs were used in each series. Under these 
circumstances the experiments were interrupted for the time being- 

The experiments now described leave no doubt that the mouse 
poliomyelitis can be transferred to and propagated serially in the 
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developing chick, if indefinitely has not been settled as yet. Though 
this fact might be of a considerable theoretical interest, no practical 
application could be made. The immediate purpose of the experiments 
was to find a method for titration of the virus. As no characteristic 
lesions are produced, the diagnosis can be settled only indirectly 
through passage to mice, and transfer to eggs is therefore at present 
of no use either for titration or diagnostic purposes. As the virus 
concentration in the infected embryo remains very moderate, it 
offers no advantages as source of virus either. 


The incubation time method. 

The main principles of this procedure have already been outlined 
by the present writer. As, however, accuracy in the measurement 
of biological activity is of the utmost importance for the solution 
of many problems of physico-chemical nature, a thorough examina- 
tion of the method from this point of view was necessary. A survey 
of this kind must be based on a purely statistical reasoning, as indi- 
vidual variation is one of the most prominent characteristics of a 
biological material. In the choice of statistical methods the presenta- 
tion by Bonnier and Tedin (15) of the theories of Fisher and others 
has mainly been followed. 

In a routine titration a number of tests are compared with a stan- 
dard. It is essential that all samples be derived from the same strain 
of virus and preferably of the same origin, the tests being different 
fractions or samples of the standard treated in different ways. The 
technique employed was in detail as follows. 


From the standard a series of five tenfold dilutions was prepared, usually 
Avith log dilution 2, 3, 4, 5, and G. From each test sample two dilutions were 
prepared: 0 and 2, 2 and 4, or 4 and 6, depending upon the range of activity 
to be expected. In diluting 1: 10 1 ml was pipetted into 9 ml of diluting fluid, 
1: 100 0.25 ml into 25 ml. All pipet readings were made between marlcs and 
clean pipets used for each dilution. 0.05 m (= 0.3 p. c.) sodium chloride solu- 
tion was generally used for dilution. The inoculations were made with tuber- 
culin syringes with glass pistons and needles gauge 20. The syringes were steri- 
lized by boiling in water and before filling washed twice with the test sample 
in question. 30 days old mice served as test animals, the difference in ago not 
exceeding 3 days. Uniformity of weight was usually not considered. From 
each dilution 0.02 ml amounts were inoculated intrnccrobrally into 10 mice. 
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With one assistant anesthetizing the animals it was possible to inoculate 400 
mice per hour. The animals were kept by fives in glass jars, observed once or 
tivice daily through at least three weeks, and their symptoms noted. When 
characteristic symptoms had appeared, the animals were sacrificed and the 
brains collected for purification purposes. After termination of the experiment 
all surviving animals were tested for immunity with a large intracerebral dose 
of the virulent PA strain. 

la table TV tbe result of a typical titration experiment is tabulated. 
Each, row represents a group of test animals inoculated with the same 
amount of the same dilution of a test material. The columns contain 
the numbers of animals, showing the first symptoms of infection 
on the day after inoculation which is indicated in the head of the 
column. The last one of these columns contains animals not becoming 
sick, the incubation period in these cases being indefinite. 

Table IV. 


Result of a typical titration experiment. 


Test 

Log 

Number 

Number becoming sick after days 

S(y) 

terial 

dilution 

oculated 

B 

B 

B 

B 

B 

B 

B 

9 

10 

11 

CO 


2 

10 

H 

6 

3 


1 

1 

1 

1 

1 

1 

1 

^^1 


‘ 

9 



3 

4 

B 

D 

! 

1 

1 

B 

■ 



2 

9 

■ 

6 

3 


■ 

B 

B 

B 

B 

B 

I 

2.76 

13 

4 

10 

■ 



9 

B 

1 

B 

B 

1 

1 

1 

1.943 


2 

10 

■ 

2 

D 

B 

fl 

B 

B 


■ 

B 


2.617 

14 

4 

10 

■ 


■ 

H 

1 

■ 

B 

1 

1 

fl 

1 

1.636 


2 

10 

■ 

4 

B 

B 


fl 

fl 





2.783 

15 

4 

10 

■ 



6 

2 

1 

1 







2 

10 

■ 

6 

3 


■ 

B 


B 




2.75 


3 

10 

■ 


4 

3 

B 



B 





16 

4 

10 

■ 



6 

H 

B 


B 




1.796 


5 

10 





3 

H 

4 

B 



1 

1.264 


6 

10 

■ 





B 


B 

1 

1 

7 

0.302 


2 

— 

■ 

2 

7 


B 







2.683 

17 

4 


1 


1 

2 

1 


1 




1 

1.489 


From a statistical point of view the experimental data form a 
problem of covariation and should be analysed accordingly. 
pendent ®-variable is log dilution and dependent y-variable the re- 














































43 


ciprocal of the incubation period. In the last column of the table 
the group totals of the y-values are listed. 

To each test there corresponds a line of regression given by the 
equation 

y = 2/ + 6(a:-®) (7) 


y and x being the means of y and x and h the coefficient of regression, 
always negative when x denotes log dilution but positive when x 
denotes log concentration. This considered, equation (7) is identical 
with the incubation time formula (3) on page 35. 

For each test, therefore, a coefficient of regression, h, can be 
calculated. The titer values obtained from the titration data are 
compatible only on the condition that the test groups show con- 
formity with regard to regression of y on x. In a number of experi- 
ments the variation of h was studied from this point of view. The 
result, expressed as usual in terms of the probability of the differ- 
ences observed being a chance variation, was as follows: 


Probability (P) 
0.001—0.01 
0.01—0.05 
0.05—0.2 
0.2— 1.0 


No. of experiments 


1 

6 



Total 38 


In 32 out of 38 experiments the variation was probably due to 
chance. In 5 experiments a significance of the 1st order was observed, 
and in one a significance of the 2nd order. The result suggests largely 
a normal chance variation. 

Provided the cause of variation in h, if not due to chance, be de- 
tected and eliminated, the titer values in an experiment like that 
in table IV can be calculated as follows. Let Yq correspond to the 
dilution » = 0. According to equation (7) we have 

Yo=^y~bx. (8) 

To is a measure of the activity of the undiluted material. In order 
to obtain an expression of the usual form, i.e. in terms of log dilution 
we must divide through -b. Letting A be the activity, we get 

log ^ == J + 37. 


( 9 ) 
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Letting the index t denote a test sample and s the standard, we have 

j ! "" m 

The relation between A. and the MU) titer is expressed in the 
formula (4) on page 35. Considering that the constant c in this formula 
is approximately 1.0 and that the volume of the inoculum is 0.02 
ml, the virus content might be estimated to approximately 5,4 
MID per ml of the imdiluted solution. This relationship will, 
however, be studied in detail later. 

According to formula (9) the accuracy of the titer value is depen- 
dent upon the variation of x, y and 6. The former variation is prin- 
cipally connected with the accuracy of pipetting and can not be dealt 
with in this connection. The variation of y can be divided into two 
constituents, one of which refers to the regression of y on x, the other 
involves differences in the individual resistance to infection, errors 
of administration and distribution of the material inoculated etc. 


Variation of regression. 

a) Course of the line of regression. In the analysis made above it 
was implied that tbe line of regression bad a straight course. As 
already pointed out there is no easily conceivable theoretical basis 
for this assumption. As an entirely empirical observation its validity 
had to be statistically verified. 

Suppose that tbe line of regression is curved. On that condition 
b in the formula {7) should be a variable, dependent upon y. This 
possibility can be analysed statistically by calculation of the regression 
of b on y. This was done in 26 different titration experiments. In 
the individual experiments tbe coefficient of regression (6 on y) 
was foimd to vary from — 0.502 to + 0.728 with a mean value of 
4-0,035. With a P value of 1.0 it was not significantly different from 
0. The coefficient of correlation was calculated to 4-0.105, this neither 
significantly different from 0, the P value being 0.2 — 1.0. 

Furthermore in a series of experiments the deviation from a rectili- 
near regression was analysed in the usual way, and the probability 
of the deviation being due to chance was calculated. The result 
was as follows: 
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Probability (P) 
< 0.001 
0.001—0.01 
0.01—0.05 
0.05—0.2 
0.2— 1.0 


No. of oxporimonts 


1 

3 


14/" 


Total 28 


Thus, in 22 out of 28 experiments the deviation observed was in- 
significant, in 3 significant of the Ist order, in 1 significant of the 
2nd order and in 2 significant of the 3rd order. This distribution 
suggests a normal chance variation, except in two experiments, 
where the difference observed was probably due to technical inac- 
curacies. 

There is, therefore, no evidence to indicate that the line of regression 
should deviate from a straight course in the interval used by titration. 
For extremely small or extremely great values of y one must expect 
a definite deviation. We will return later to this question. 

b) Technical errors could certainly cause a variation of h. The 
amoimts of solution inoculated arc too small to be accurately measured 
with the syringes used, particularly if one considers the large series 
of animals to be inoculated in a single experiment. 

Experivient 4. In a few experiments the influence on >/ and 6 of a variation 
in the volume of the inoculum was studied. Standard amounts of 0.01, 0.02, 
and 0.03 ml of the same virus solution, measured as accurately ns possible, 
were injected intracerobrally to groups of 30 daj's old mice. The incubation 
IKsriods were noted as usual. The results of three such experiments are summa- 
rized in table V. 

The relative titers were calculated on the basis of a mean value 
of 6 derived from a very large series of experiments. In each case 
the virus content of the 0.01 ml dose was taken as standard, and the 
expected values of 0.02 and 0.03 ml calculated on this basis. 

Table V shows considerable differences between found and ex- 
pected. All those differences arc positive. Furthermore their amount 
seems to be proportionate to y. This is illustrated in fig. 1, where 
the 0.02 ml values are fitted to the normal line of regression. The 
y values from the 0.03 and 0.01 ml groups were expected to fall on 
the two parallel dotted lines. The actual position of the points 
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Table V. 

Influence on the incubation period of variation in the volume of 

the inoculum. 


Experiment 

Number 

inoculated 

Volume 

inoculated 

y 

Titer values | 

• — 1 

observed 

expected 

a 

49 



0.00 



50 



0.71 

0.30 


49 

0.01 




b 

50 

0.02 

0.195 


0.30 


50 

0.03 

0.222 

0.87 

0.48 • 


50 

0.01 

0.292 



c 

48 

0.02 

0.361 




50 

0.03 

0.392 

1.66 



suggests that the lines of regression have a different slope, i.e. the 
value of 6 is variable, dependent upon the volume of the inoculum. 
The significance of this observation will be discussed elsewhere. In 
the present connection it is sufficient to remark that the variation 
in incubation period resulting from technical inaccuracy of admi- 
nistration is of a higher order of magnitude than the causative irre- 
gularities of dosage. 

The best way to minimize the “personal” error in administration 
of the inoculum would probably be the use of spring steered stop 
syringes, automatically delivering a fixed amount of solution. On 
account of the existing circumstances it proved impossible to obtain 
instruments of that kind. The tuberculin syringes used instead were 
fax from ideal for the purpose. They showed a marked tendency 
to leakage on the side of the piston, particularly when injection was 
applied against pressure, as is the case by intracerebral inoculations. 
The leakage was most pronounced when the piston was in topnaost 
position and decreased when the piston was moved towards the 
bottom of the syringe. In order to standardize this error it was de- 
cided to fill the syringes only partially never exceeding a certain 
limit. Furthermore air bubbles must be removed. If not they would 
serve as air cushions and cause uncontrollable variation of dosage, 
when injection against pressure was applied. Finally, it was always 
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controlled that the total amount of material administered to one 
test group of animals was correct. This was done in order to make 
the total plus and minus errors as close to zero as possible. 

One more source of error to be considered in this connection is 
the leakage from the site of inoculation through the needle pimcture 
almost invariably occurring when the syringe is withdrawn. In a 
series of experiments on dead mice this leakage was found to be 



Figure 1. The influence of the volume of the inoculum on the length of the 
incubation period and the slope of the titration cur\’c. Experiment 4. 

astonishingly constant, amounting to about 0.002 ml. regardless of 
the quantity inoculated. In all calculations regarding absolute quan- 
tities, therefore, this correction should be made. 

c) The animal error. In a series of experiments the individual 
resistance against infection and its dependence upon different fac- 
tors were studied. 

In all titration experiments each test group of ten animals com- 
prised five males and five females. Calculations of the titer were 
done for both sexes separately. As the results regarding the relative 
resistance were invariably the same, it might be sufficient to quote 
one such experiment. 
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Experiment 5. Four unknown fractions from a centrifugation experiment 
were compared with the untreated standard. All technical details were in 
conformity with the general description on page 15. The result is summarized 

in table VI. 

An analysis of the result showed with a probability P of more 
than 0.2 that the sexes behaved as random samples of the same 
statistical population. In particular the coefficients of regression* 
—0.05406 and —0.05652, were identical with a probability of more 

than 0.2. 

The influence of weight upon the resistance was analysed in the 
following experiments. 

Experiment 6. A number of mice 31 to 34 days old were weighed in the mor- 
ning before feeding and separated into groups according to weight, the mean 
weights of the groups being 9, 11, 13, and 17 g. Each mouse was inoculated 
intracerebrally with the standard amount of the same virus solution. The 
animals were obser%’ed as usual and the incubation periods noted. 

Table YII. 


Weight and resistance. 



Sex 

Mean 

weight 

Number 

inoculated 

Number becoming sick after days 

y 

3 

4 

6 

6 

7 


a. 



9 

12 

1 

5 

3 

3 


0.2236 



11 

21 

. 3 

7 

9 

1 

1 



o 

13 

23 

7 

9 

5 

2 


0.2673 

'l 


17 

5 

3 

1 

1 



0.2900 



9 

23 

7 

Bl 

4 

1 

■■I 

6.2630 


? 

11 

29 

7 

19 

5 

2 


0.2557 



13 

15 

4 

19 

3 

1 

■ 

0.2667 

i 





b. 















\ 


9 

13 

3 

C 

2 

1 

1 

0.2469 

1 

o' 

11 

21 

3 

12 

5 

1 


0.2460 



13 

10 

3 

3 

4 



0.2560 

I! 


7 

11 

3 

2 

4 

2 



1 ; 

0 

9 

31 

11 

14 

e 



By taM 

I' 

¥ 

11 

10 

2 

2 

6 



0.2367 



13 

8 

3 

4 

1 



0.2760 


4 — 43200. S.Gard. 
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In an identical experiment four groups of mice were inoculated Tim n, 
weights were 7, 9, 11, and 13 g. ' ““ 

The results of these two experiments are summarized in tables VII a and b 

If these two experiments are analysed together one will find a 
regression of y on weight of +0.004 and a correlation of +0.130 
which with a probability of slightly more than 95 p, c, is different 
from zero. It is, thus, probable that big animals are less resistant 
than small animals of the same age. At first sight this fact might 
seem surprising. It must be kept in mind, though, that the big animals 
come from numerically small litters, the reduction in nuinber of the 
young often being due to an abnormal mortality rate, indicating a 
low general resistance through inheritance. As the regression of y 
on weight, according to these experiments, was very low, it was not 
considered necessary to pay special attention to differences in weight 
among the test animals; the only precaution taken was to avoid 
letting any test group consist exclusively of unusually big or vmusu- 
ally small mice. 

It has previously been pointed out that the age of the test animals 
has a very pronounced effect on the incubation period. This fact is 
clearly illustrated in the following experiments. 

Experiment 7. Four groups of mice, 4, 6, 8, and 10 weeks old, were inoculated 
with the standard amount of the same virus solution. The animals wore obser- 
ved as usual and the incubation periods noted. The result is summarized in 
table VIII. 

Table VIII. 


Influence upon the incubation period of the age of the test animals. 


Age of mice 

y 

a 


4 weeks 

0.2897 

0.05512 

Regression of y on ago 0.012 

6 » 


0.05824 

correlation — 0.385 

8 > 


0.07427 


10 » 

0.2114 

0.07197 

correlation + 0.891 


The experiment shows that y is dependent upon the age of the 
mice. The coefficient of correlation is — 0.385 and of a very high 
significance. Furthermore it can be seen from the table that the 
standard deviation (a) in a group of animals has a high positive 
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correlation to the age of the group. The coefficient of correlation 
+0.891, is, however, not quite significant. 

Experimmt 8. Infected mouse brains were ground with sand and saline to 
a 10 p. c. suspension and centrifuged. From the supernatant a series of 5 
tenfold dilutions was prepared. From each dUution two groups of test animals 
were inoculated intracerebrally with the standard amount. One group com- 
prised mice, 43 days old, the other group consisted of animals the age of which 
varied from 54 to 92 days. The animals were observed as usual and the incuba- 
tion periods noted. The result of the experiment is summarized in table IX. 



. Figure 2. Influence of the age of the test animals on the incubation time 

curve. Experiment 8. 

0 

^ The experiment showed that not only y but also 6 is dependent 
^ upon the age of the test animals. The coefficients of regression were 
, — 0.03843 and — 0.05559. The probability of this difference being 
jD due to chance variation is less than 6 p. c. The experiment is illu- 
I strated graphically in fig. 2. 

The last experiment demonstrates the limited value of an absolute 
titer, in terms of MED or otherwise. The titer of a given virus 
solution is dependent not only upon the virus' content hut also upon 
the resistance of the test animals used for titration.- Only a comparison 
between two titer values is of any significance, either as measurement 
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sieiirs couches cellulaires. Ces images ressemhlent ties fortement 
a celles decrites par Merckel. 

Les grandes arteres, situees en profondem-, presentent uu en- 
dothMe aplati avec une couche sousjacente de tissu conjonctif 
riche en cellules qui sont entourees par des membranes elastiques. 
Ces cellules out une direction differente des cellules des couches 
plus externes vis-a-vis desquelles elles semblent perpendiculaires 
on obliques. 

Dans la sonsserense oil Von trouve assez Men ou heaucoup de tissu 
conjonctif de neoformation, les capillaires presentent un endothele 
turgescent. II en est de meme pour les.petites arterioles qui mon- 
trent une fine couche sousendotheliale, les noyaux; de la couche 
musculaire sont egalement turgescents. Le tissu conjonctif entre 
les cellules musculaires a encore fortement augments dans les 
grands vaisseaux. Ces cellules musculaires encerclees ont des 
noyaux spheroides, a disposition irreguliere par I’accroissement du 
tissu conjonctif collagene; leur cytoplasme est clair. La coloration 
de Felastine demontre que ces cellules sont entomees de fibres 
elastiques bien que quelques unes ne presentent de Velastine que 
du cote central. 

Conclusion: en cas d’ulcere du bulbe avec peu de neoformation 
de tissu conjonctif; 

1) les capillaires presentent un endothele turgescent; d’ailleurs 
peu accuse s’il y a peu de tissu conjonctif de neoformation mais 
bien de la gastrite. 

2) les arteres moyennes presentent une couche conjonctive 
sousendotheliale avec des cellules desordonnees, delimitees par de 
Felastine du cote central; d’autres vaisseaux arteriels montrent 
plusieurs couches de cellules et de noyaux desordonn^s entoiuees 
d’elastine. (Photo 5.) 

3) les grandes arteres presentent une plus forte neoformation 
de tissu conjonctif, une forte formation de couches elastiques 
stratifiees et une transformation progressive centripete des couches 
cellulaires pseudo-proliferantes. 

B. Ulcere du ventricxde. 

1) En dehors de V ulcere, ou Von ne rencontre pas de tissu conjonctif 
de neoformation, les arteres ont un aspect noimial. (Photos 1 et 2.) 

Des qu’on se deplace vers la zone periulcereuse macroscopique- 
ment caracterisee, au point de vue arteriel, par un retrecissement 
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incubation period for each animal an average must be instituted 
The arithmetic mean for day 2 should be 1.75. The corresponding 
value of y can be calculated by integration of the function y = ljt 
in the interval 1.26—2.25 and is found to be 0.5878. There is a 
distinct difference between this figure and the value accepted for 
calculation of the titer. The difference, amounting to 17.5 p, c. for 
day 2, rapidly decreases with increasing incubation period, being 
only 2.65 p. c. for day 10. 

The two circumstances now mentioned both act in the same general 
direction, towards a lowering of the value of y. The difficulty in 
determining the exact incubation period mainly affects the small y 
values, the approximated calculation of the average principally the 
large ones. It is thus possible that the total effect might be a parallel 
displacement of the titration curve, although it is more probable 
that the first effect in question does not counterbalance the second. 
It is therefore reasonable to assume that the relationship between y 
and log dilution in reality is not linear but represents a curve with 
the convexity towards the x axis. 

As already shown the formula (7) holds true in the interval or- 
dinarily used by titration, with the approximated calculation of 
incubation periods as originally accepted. From a practical point 
of view there has been no reason, therefore, to substitute for this 
procedure a more complicated one even if this might be more correct. 
From a theoretical point of view, on the other hand, the facts now 
mentioned are most important and their significance will be dis- 
cussed in another connection. 


In the course of two years a considerable number of titrations were 
carried out, in which the principles outlined above concerning the 
uniformity of the test animals were strictly followed. In a series of 
34 such experiments comprising more than 4000 test animals the 
variation in the value of b was studied. The figures obtained suggested 
a seasonal fluctuation of the general level of resistance. A statistical 
analysis showed, however, that the differences were within the li 
mits of a chance variation. It might be possible to present conclusive 
evidence in this matter in the future, when a larger material has 
been collected. As conditions now were, it was considered most 
adequate to compute a mean value of b to be applied to all calcula 
tions of titer values. This was formd to be 6 = — 0.05473 ± 0.00077. 
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Variation of y. 

The variation of y is measured by the mean square residual (o^), 
obtained after elimination of the part of the variation that refers to 
the regression of y on x. It is obvious that all the sources of error 
that were reviewed on the preceding pages contribute to this varia- 
tion. There exists, however, one more cause of variation not yet 
considered. By random sampling from a suspension of particles in 
a fluid, the number of particles per sample will show a frequency 
distribution according to the law of Poisson. Tliis distribution error 
is a quabty inherent in the particulate nature of the virus, and cannot 
be influenced by any techmcal device. On certain theoretical con- 
ditions to be discussed in the following chapter the amount of this 
variation can be calculated. For y = h it amounts to about 0.0010 
and decreases rapidly with growing y. 

The same series of experiments, from which the average value of h 
was computed, was used for calculation of cr. A mean value of c® = 
0.003427 was obtained. As the above mentioned distribution error 
contributes but an insignificant part, the variation must be caused 
by technical inaccuracies. In order to enhance the accuracy of titra- 
tion there is, therefore, more to be gained by technical improvements 
than by increasing the number of test animals. 

From the value of 6 and o the standard error of the titer can be 
calculated. For 5 groups of 10 mice each one gets e (log il,) = + 
0.158, and for 2 groups of 10 animals e (log Ai) = 0.245, why the 
difference between test and standard in a routine titration has a 

standard error e = 0.292. 

\logA/ 

In the following experiment the actual accuracy of the method was 
tested. 

Exferiment 9. Infected mouse brains were ground with sand and saline to 
make a 10 p. c. suspension, and centrifuged in an angle centrifuge to remove 
sand and coarse material. The supernatant = solution a. Part of this was 
diluted with 1/2 volume of saline = solution b. Of each solution a series of 
tenfold dilutions was prepared and of each dilution the standard amount in- 
oculated intracerebrally to 10 mice of standard age. The animab wore observed 
and readings made as usual. The result is summarized in table X. 

According to the above calculations the standard error of each 
titer value would be 0.158, and that of the difference consequently 
0.223. The actual difference in concentration between a and b 



Table 


56 



clifforenco 0.268 
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amounts to. log ^ - log A = 0.176. The difference observed in 
the experiment vfas 0.268. The error is therefore 0.082, i.e. well 
within the limits of the standard error. 

* 

Finally it must be pointed out that the incubation time titration 
method has only a limited field of application. Most strains of 
mouse poliomyelitis virus, including all intestinal strains, give symp- 
toms exclusively from the spinal cord. When inoculated intracere- 
brally, they show a practically constant incubation period, regardless 
of the amount of virus injected. So far only two strains have been 
isolated, regularly displaying encephalitogenic properties. These 
strains, designated as GD VII and FA, were both picked up accident- 
ally in passage series of yellow fever virus, and have been described 
by Theiler and Gard (160). It is only on these strains that the in- 
cubation time method of titration can be applied and only after 
intracerebral inoculation. If the animals are infected by the in- 
tranasal or the intraperitoneal route the incubation period will have 
a constant length regardless of the amount of virus inoculated. 


The 50 p. c. endpoint method. 

In chapter IV page 66 a large scale experiment on the determina- 
tion of the 60 p. c. point is reported. In this experiment 15 groups 
of 50 mice each in the range between 0 and 100 p. o. takes were 
observed. The standard deviation ' of percentage of takes from the 
best fitting distribution curve was calculated to 5.94. When groups 
of 10 mice instead of 60 are used, the standard deviation would 
amount to 13.28. If the titration is done with tenfold dilutions an 
average of 2.7 mouse groups will give a result in the range between 
0 and 100 p. c. takes, meaning that 2.7 groups can be used for cal- 
culation of the titer value. The standard error of the computed 
50 p. c. point will, therefore, be 8.08. The slope of the titration curve 
in the interval in question, i.e. the increase in percentage of takes 
per imit of log dilution can be estimated to approximately 40. The 
standard error of the titer value, expressed in terms of log dilution 

8 08 ° 
will, therefore, be = 0.20. 
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For titration of an unknown sample according to tke 60 p c 
endpoint metkod usually at least 5 groups of animals must be ino’ 
culated in order to ascertain that tbe favourable interval is covered 
For a simultaneous titration of, say, seven different samples 350 
mice bad to be used. Tbe difference between two titer values could 
then be estimated with an accuracy of 0.285. With tbe incubation 
time method only 170 mice bad to be used and tbe standard error 
would according to tbe deductions on page 55 be 0.292, i.e. prac- 
tically tbe same accuracy with less than half tbe number of test ani- 
mals. For simultaneous titration of a large number of test samples 
tbe incubation time method is, therefore, to be preferred. 

In a number of suitable experiments tbe 50 p, c. endpoint titer 
was calculated together with the log A from tbe incubation time. 
In table XI these titer values are compared. 


Table XI. 

Comparison between 50 p. c. endpoint and incubation time' titer. 


1 

Incubation 
time titer 

50 p. 0. 
endpoint titer 

Difference 

6.97. 

5.76 

1.22 

4.00 

2.88 

1.12 

8.14 

6.26 

1.89 

7.69 

6.58 

1.11 

7.41 

6.25 

1.16 

6.48 

4.68 

1.90 

7.46 

5.75 

1.71 

6.86 

6.25 

1.61 

7.42 

6.00 

1.42 

7.16 

6.67 

1.49 

6.66 

5.67 

0.98 

6.28 

3.77 

1.61 

5.68 

4.11 

1.67 

6.56 

6.38 

0.18 

6.58 

5.88 

0.70 

6.42 

5.30 

1.12 

7.38 

6.39 

0.99 

7.16 

6.S6 

1.30 

7.63 

6.36 

1.27 

Average 

1.277 
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centrale a noyaux ronds ou spheroides, desordonnes, plus ou moins 
enrobes dans le tissu conjonctif; une coucbe plus peripherique de 
cellules musculaifes circulaires a noyaux fusiformes; le tout est 
entoure par Fadventice. 

Les arteres plus grandes presentent plus de tissu conjonctif de 
neoforiuation; une elastique interne n’existe pas mais la coloration 
a la Weigert-resorcine inontre un reseau de fibres elastiques dans 
le tissu conjonctif. (Pboto 6.) 

11 semble qua le tissu conjonctif entre les cellules musculaires de 
la media augmente de sorte que les cellules musculaires tijfiques de 
la media cJiangent 'progressiveinent de direction; leiirs noyaux allonges 
■prenneni une direction de plus en plus oblique et perpendiculaire 
vis-d-vis de I’axe de Varlere, Us s'arrondissent. Les couches cellu- 
laires peripheriques sont netteinent fibrillaires, tandis que les 
cellules enrobees dans le tissu conjonctif neoforme perdent rapide- 
ment lem.' caractere fibrillaire, ils presentent un cytoplasme clair. 
On pent suivre tons les stades de transformation des cellules muscu- 
laires tijpiques en cellules polymorphes de la couche proUferante 
Men qu’il n'y ait qidune seule couche de transition des cellules de la 
media. Le tissu conjonctif de la media authentique (c.a.d. a mor- 
phologic iuchangee) est en continuite intime avec le tissu conjonctif 
de la couche proUferante. 

La disposition capricieuse des cellules et des noyaux est due a la 
proliferation iuegale du tissu conjonctif intercellulaire. Les fibres 
elastiques forment un reticulum dans le tissu conjonctif proU- 
ferant; ce reticulum est incomplet et certaines cellules apparaissent 
comme uniquement entomrees d’elastine a leui- face centrale. 
Dans la mime artere on pent souvent retrouver tons les stades d’en- 
cerclement des cellules de la media par le tissu elastique, processus 
d’ integration dans la soi-disant intima, (Photo 4.) 

Dans les arteres de calibre moyen, la couche proUferante est 
parsemee de fibres elastiques, la couche la plus peripherique etant 
la plus epaisse: elle represente d’elastique intern©). (Photo 6.) 

c) d proximite de Vulcere: on observe un accroissement remar- 
quable de tissu conjonctif. Dans les petites arteres de toutes les 
couches (sous-muqueuse, musculaire et sous-sereuse) il apparait 
une forte neoformation de tissu conjonctif intercellulaire dans la 
media, de sorte que certaines cellules de la media semblent in- 
crustees. 

Les arterioles presentent un accroissement progressif de la sub- 
stance intercellulaire conjonctive collagene d’autant plus pronon- 



CHAPTER IV. 


On the theory of titration with reference to cer- 
tain physico-chemical properties of the virus. 

When random samples of a constant quantity are picked from a 
suspension of particles in a fluid medium the mnnber of particles 
per sample will show a certain variation around the average. If 
the distribution of the particles in the medium is due exclusively 
to chance, i.e. if no attraction or repulsion between particles in- 
fluences the equilibrium, the frequency series of Poisson can be 
applied to the problem of calculating the expected number of part- 
icles per sample. Let x be the average number per sample. Then 
in a sufficiently large series of samples the fraction 

e~® will contain no particles 
» » 1 particle 

~e— » » 2 particles 

^ ; 

— e~* » » n » 

w! 

The probability of a sample containing at least one particle will, 
therefore, be 

P = 1 — (il) 

Let the particles be bacteria and the samples used as inocula in a 
series of cultures. The expression (11) will then give the expected 
fraction of positive results. 

In the case of a virus titration conditions are partially different. 
Poisson’s law must of course be applicable to the distribution of 
particles in the suspension, but the percentage of takes cannot be 
calculated as in (H). When the sample is injected into a test animal, 
the flriid is distributed over a certain amount of tissue. In this 
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tissue there arc a limited mimbcr of susceptible cells, serving as 
entry points. Thus usually only a fraction of the vims particles 
inoculated have a chance to infect the host. Let the probability 
of hit be f. If the sample contains n particles, the probability of 
no hit vdll be (1 — p)". The total probability of tahes is obtained 
by addition of the scries 

P = [l ~ (1 -p)]a:c-=' + [l-(l-p)']||C-^+ 

P = 1 - {12) 


If the functions {11) and {12) arc reproduced graphically with P 
on the ordinate and log x on the abscissa, one will find that the 
curves have exactly the same shape, but that {12) is displaced in 
comparison with {11) with the amount — log p. From the shape of 
the distribution curve, therefore, nothing can be learnt about the 
real values of p and x. Only their product can be calculated. 

The virus entity one MID does not tally with a fixed number 
of virus particles. On the contrary it is variable with p, which in 
its turn is an expression for the equilibrium between host resistance 
and pathogenicity of the given strain of virus. Letting v be the vi- 
rulence of the strain and r the resistance of the host, p can be given 


the form p — Therefore, p is a measure of the vimlcnco as well 


as of the resistance. As most of the following deductions are con- 
cerned with the latter aspect, p will be called the resistance factor 
of the probability function. 

In the case of vaccinia virus a whole titration can be done in one 
animal, a procedure guaranteeing the best possible constancy of p. 
In most instances, however, a comparatively large number of animals 
must be included. One has, therefore, to expect a certain variation 
in p, so that the shape of the distribution curve will deviate from that 
of function {12). The actual curve can be regarded as an average 
of a number of normal curves with different p values, and its shape 
will be dependent upon the type of variation of resistance. At any 
rate it must have a flatter course than the normal distribution curve. 

As already mentioned Parker (112) tested the validity of function 
{12) on vaccinia virus. His aim was to ascertain whether or not one 
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single^ elemental^ body was sufficient to cause infection. Conse- 
quently be studied tbe distribution curve in the range between 0 
and 100 p. c. takes, comparing tbe experimental data with function 
{23) and witb a series of functions easily derived from this one 
expressing tbe probabiHty of takes if 2, 3, etc., virus particles iem 
a minimal infective rmit. These functions are 


■Po = 1 — (1 + px) 

etc. 


{12 a) 
{12 b) 


Each one of these curves has a steeper slope than the normal function, 
and steeper the higher the order. Parker found good agreement with 
{12), but none with the curves of a higher order. Haldane (57), 
however, pointed out certain inadequacies in Parker’s calculations. 
When these were corrected the result indicated a systematic devia- 
tion from the normal curve. Bryan and Beard (19) suggested that 
this deviation was caused by variation in resistance among the rabbits, 
and showed that Parker’s figures agree with function {12), if a normal 
distribution of animal resistance was assumed. 

Parker, Bronson and Green (113) were able to confinn this in 
a later series of experiments with different strains of virus. In one 
of these strains, the culture virus C V I with a very low intracuta- 
neous pathogenicity, however, a marked disparity between experiment 
and theory was observed. The data were best explained by the as- 
sumption that as many as 10 elementary bodies were necessary 
to cause infection. The authors suggest the explanation that one 
single focus of infection is insufficient to cause a visible reaction. 
Not rmtil the density of foci exceeds a certain critical level, tbe 


reaction becomes recognizable. 

If this interpretation is correct, which seems very plausible, it 
is, however, questionable whether the formulas {12a) etc. should 
be applied. A comparison between the egg meinbrane and the m- 
tracutaheous titers of the strain C V I indicates that p in this case 
is of the order of magnitude 10~^ When in a test 0.1 ml is inoculated 
intracutaneously, the inoculum, therefore, can come in contact wit 
but a very limited number of susceptible cells. It is evident that, 
with a certain number of hits, the chances that more than one hit 
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occurs in the same cell are greater, the smaller the number of cells 
in which the hits are to be distributed. But according to Parker it 
is the number of foci not the total number of hits that count. 

The amount of tissue infiltrated by the inoculum will be called 
the hit area. Let the number of susceptible cells within this area 
be a. In the case of n hits the probability, that all occur in the same 

ceU, is-^. The probability of 1, 2, 3, etc. hits is pxe-^^, 


etc. Thus, the total probability . of one 

2! ’ 3! ’ 

focus is 


a 21 


c“ 3! 


= a — 1) e-p* 


{13) 


On the condition, that 2 foci are necessary to give a visible reaction, 
the probability of takes will be 

Pg = 1 - [1 + o (eP*/“ - 1)] e-P* {M) 

In an analogous way the functions of higher order can be derived. 

When the formulas of type {12a) etc. are compared with those 
of type {14), one will find that the former represent the limit values 
of the latter for a = oo . An appreciable deviation does not occur 
rmtil a has the value of or below 10. The principal difference is a 
displacement towards greater px values, whereas the slope' of the 
curve is practically unchanged. When only calculation of the slope 
of the titration curve is concerned, the approximated formulas {12a) 
etc. can be applied, so Parker’s figures must be regarded as satisfac- 
tory. 

In the above reasoning it was assumed that a single elementary body was 
capable of inciting infection, although tho intensity of the process was so low 
as to make a single focus imperceptible. It might be, however, that the low 
virulence of the C V I strain is due to a deficiency in some activator necessaiy 
for establishment of intracutaneous infection (for instance the soluble polysac- 
charide antigen). In this case two alternatives are possible. 

a. The activator is inherent in the virus particle. Then more than' one par- 
ticle must enter into the same cell to give the amount of activator necessary. 
Only the case of two particles forming a minimal infective imit will be consider- 
ed. The symbols are as before. The probability, that n hits all occur in diffe- 
rent cells is 
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a! 

a»(a~n)l 

and, therefore, the probability of at least one double hit. 1 

If n :^^ater than a it is self-evident that double hits must occur. The totll 
probability of takes is then 


p~\\ I (iPg)~ 

L a* (a— 2)!j 2! 


e— pi ^ 


L a“J a! 


e— pi.f 


By separating the members of the bracket one gets 


(pa:)(“+l) 



b. The activator is mainly present in the fluid medium and does not com- 
bine with the virus imtil in loco. Only the simple case that one activator mole- 
cule together with one virus particle forms the minimal infecstive unit will he 

a 

considered. The total hit area is If one cell is hit by a virus particle, the 
probability that an activator molecule will hit the same cell is -, and the prob- 
ability of no hit consequently 1 — The probability that of n activator mole- 
cules none will hit the cell is . Suppose the solution contains an average 

of c activator molecules per virus particle. The probability of takes in the case 
of one hit by a virus particle will then be 

In the same way the probability of takes in the cases of 2, 3, etc. hits by vims 
particles can be calculated 

P, 5 ,=l-e— 2cpx/o 

P,s,=l— e— 3cpx/a 
etc. 

To obtain the total probability of takes one has to multiply each expression 
(J6 a) etc. with the corresponding probability of 1, 2, 3, etc. foci' and add t e 

' These values can be calculated in analogy with function (13), the probab 
lity of « hits being distributed over 7n foci being 
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products. This leads to a rather comph'catcd formula. In order to got an idea 

as to the form of this formula wo will instead of the probability functions mcn- 

(px)n , 

tioned nso the approximated expressions of the form c > romomboring 
that the function ensuing is strictly valid only for small values of px and largo 
values of o. 


P=jSi 1^(1— e — nepzia) c — =1— 


( 16 ) 


The principal difference between the functions (14), (IS), and (16) 
lies in their dependence on the arbitrary constant, a resp. cja. (14) 
was practically independent of the value of o; only a slight displace- 
ment towards greater px values occurred with decreasing a. (15) 
and (16) on the other hand are largely influenced by variations of 
the constant and the displacement has the opposite direction, i.e. 
towards greater px values with increasing o. 

It is certainly possible to change the value of a within certain 
limits by using inocula of different volume. A large inoculum will 
infiltrate a larger amount of tissue, and the number of susceptible 
cells in the hit area will be greater than when a small volume is 
inoculated. It would, therefore, be theoretically possible to decide 
whether a function of type (14) or of the other type were the most 
probable. An experiment to that effect has, in fact, been reported 
by Spnmt (140, 141). He titrated the virus, using different standard 
volumes at inoculation, and found that the activity calculated was 
higher, the smaller the volume of the inoculum. His conclusion 
was that the effect was dependent upon the concentration of the 
virus rather than the actual number of virus particles inoculated. 
This observation is decidedly in favour of one of the functions (15) 
or (16). There is, however, one source of error in an experiment of 
this kind, to which special attention must be paid, before definite 
conclusions could be drawn. Intact and normally functioning cells 
seem to be a necessary condition for the multiplication of the virus. 
When large volumes are inoculated intracutaueously, distortions 
of the tissue might easily occm, injuring a number of cells so as to 
make them imsuitable as substrate for the virus. Sprunt’s experiment 
ought to be controlled with due attention to this possiblity. 


5—43200. S.aard. 



66 


Observations on mouse poliomyelitis. 

Witt tte FA strain of mouse poliomyettis virus an experiment of 
tte same, kind as Parker’s was capied out. 


Experiment 10 a and 6. In a preliminary titration the 60 p. c. endpoint oi 
an ether-treated extract of infected mouse brain "was determined. In accor- 
dance with the titer value thus obtained a series of 8 twofold dilutions was 
prepared, calculated to cover the entire range between 0 and 100 p. c. takes. 
From each dilution standard amounts of 0.02 ml were inoculated into groups 
of 50 mice of standard age. The animals were observed during 4 weeks and the 



inoutation period, noted « neoA The concentratiooe el ^ 
out to be BUghtly too high, ao au ideuM 

ceutotiouB being 0.15 of thoee in the ^ wbid 

experiments the -rinis solution was stored m o g ’ 
eSditious the activity remains J, b. an.lji»l 

the two experiments were very conform, and “•I'.T'’ 
as one single experiment. The result is summsrmed m table Xn 

The 60 p. c. point was oaloulated according to ^ . j 

and was ioimd to correspond to the conMntotion 10 _ ' ^ 

the astribution function ( 12 ) So::^^Sc.«. 

and the experimental data plotted so as ® ^ is 

cide with It of the curve. It is obvious ,t 

a systematical deviation from the erpec ® 7 . . . kk 50 correspon- 

by a statistical analysis. One obtains a,” total of 

dtog to a probability of identity far less than 0.001. The actua 
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? ^ ^ than that of the nor- 

mal distribution curve. It is, therefore, obvious that the aereempni 

with the different types of curves hitherto discussed musfbe even 
less satisfactory, all of these having a steeper slope than the func- 
tion (12). Accordingly there is no reason to suppose that the minimal 
infective unit contains more than one virus particle. 

The percentage of takes as calculated according to the formula 
(12) corresponds to the number of particles per inoculum. The result 
of experiment 10 might, therefore, indicate that the relative number 
of particles decreased with increasing concentration, i.e, that the 
nnit particles were associated to larger aggregates. On dilution a 
process in the opposite direction would occur. By dissociation of 
virus aggregates two principally different types can be anticipated, 
(a) Through combination with inhibiting or neutralizmg substances 
inactive aggregates are formed, on dilution liberating active virus 
particles, (b) There is a tendency to formation of active aggregates 
or to dissociation into single virus molecules towards an equilibrium 
dependent upon the concentration of virus. 

Both types of reversible dissociation have been observed. The 
most extensive study in this respect has been made on plant viruses. 
Mulvania (105) found in 1926 that a partial neutralization of the 
infectivity of tobacco mosaic virus containing plant juice could be 
obtained by addition of normal rabbit serum. The infectivity could 
be restored to a large extent simply through dilution, i.e. a partially 
neutralized mixture shows a deviation from the normal formula for the 
distribution of takes. The same phenomenon and even more strikingly 
is observed at dilution of a mixture of virus and specific antisenm. 

Bald (4) found, that crude infective plant juice gave a dilution 
curve definitely different from the expected one, whereas purified 
virus showed a high goodness of fit. He stated, however, later (5) 
that certain pure preparations exhibit the same phenomenon and 
suggested that it was the result of a dissociation of aggregates. That 
aggregation can occur has been shown through filtration and stream 
double refraction measurements by Bawden and Pirie (8) and y 
Loring, Lauffer and Stanley (100) and the latter authors present 
evidence to show that this aggregation is reversible by dilution un er 

certain conditions. _ . 

From animal virology it is known that the infectivity of pa ja / 
neutralized viruses can be restored to a certain extent through 
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tion, at least in fresli mixtures of virus and senim. The second type 
of dissociation, however, has not been observed. 

Before a discussion of the different possibilites in our case the 
following remark about the material in table XII should be made. 
In an experiment of this land one must expect that a number of 
animals were infected by a single virus particle, and that furthermore 
groups of mice could be distinguished infected by 2, 3, etc. par- 
ticles. According to the formula (7) on page 43 each such group of 
animals would be characterized by a certain average incubation 
period. The variation in resistance would, however, scatter the indi- 
vidual values about the average and probably cause an overlapping 
of successive groups, making them partly indistinguishable. Let 
tj. signify the incubation period in the case that x particles incited 
the infection. By inversion of the formula (7) we get 




1 

tz 


= — 6 log 


X + 1 

X 


It is easily shown that the difference in incubation period between 
two consecutive groups will decrease with increasing x. If therefore, 
any group at all can be distinguished, it should be the one corre- 
sponding to infection with a single virus particle, i.c. with the maxi- 
mum incubation period. From the totals in the last row of table XII 
it is evident, that one such group is clearly distinguishable in the 
range from 16 to 21 days, comprising 23 animals. The average y 
was calculated to 0.0545, corresponding to an incubation period of 
18.35 days. On the basis of this value the incubation period of the 
2 particle group was calculated to 14 days in reasonable agreement 
with the experimental data. 

On the assumption that this interpretation of the experiment is 
correct, the last column was added to tabic XII, where the single 
molecule infections are recorded in percentage of the total number 
of takes in the corresponding group of animals. After this prcliminaiy 
remark the discussion of the distribution curve will proceed. 

Alternative A. The union of virus and neutralizing substance has 
been studied extensively by Burnet (22). The »percentage law» 
(Elford and Andrewes), saying that the proportion of non-neutralized 
virus particles is independent of the concentration of virus, was 
explained on the assumption that Langmuir’s adsorption isotherm 



70 


was applicable to the equilibrium between virus and antibodv Tf 
can be formulated 

j m~p 

h being a constant, c the concentration of antibody, and P the per- 
centage of »surviving)» virus particles.^ Let a; be the total coaL- 
tration of virus, the observed concentration, i.e. the number of 

active particles per unit volume. In our case - will be constant. 

Burnet’s formula can, therefore, be given the form 




(ff) 


With increasing a, will approach an upper limit lim 


X, 



regardless of the concentration of the material the number of active 
particles per unit volume will never exceed this value. From the 
probability function {12) it can be calculated that with ‘pXg~5 
the probability of takes is 99.32 p. c., i.e. out of 1000 animals inocu- 
lated an average of 7 would remain sjonptomfree. Among several 
thousands of mice, inoculated with concentrated solutions of FA 
virus, no skips have been observed. It is, therefore, evident that 
in the present case the following inequality must be valid 


lim pZg — I > 6 

or h<0.2 p 

p can be estimated to about 0.01 and k, therefore, must have a value 
below 0.002. In that case, however, the distribution curve obtained 
through substitution of Xq for x in function {12) will not deviate with 
an appreciable amount from the normal curve.. The percentage kw 
is, therefore, not applicable to the present case. 

If on the other hand the law of mass action is applied to the forma- 
tion of inactive aggregates of virus and inhibitor, one might reason 

1 According to Merrill (103 a) the inactivation is only apparent, the reduc- 
tion in infectivity instead being due to agglutination of virus particles. ^ 
present connection the interpretation of the phenomenon is of secon ary 
terest as long as the number of active particles, aggregated or not, can 
calculated by means of the given formula. 
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as follows. Suppose that the inactive complex contains 7n virus 
particles and inhibitor molecules. Let x be the total number of 
virus particles per unit volume and x^ the number of free particles. 

The number of inactive complexes will then be — further 

a be the concentration of free inhibitor and ex the total concentration 
of inhibitor. Then 

X 

o = c X — n . 

m 

If k is the dissociation constant, the equilibrium will be expressed 
through the following formula 

= {17a) 

“ m 

If c is large, i.c. inhibitor is present in excess, x^ will increase with x 
for very small x values, pass through a maximum, and then decrease. 
The distribution curve w’ill in fact be beautifully fitted by the figures 
given by Bawden (7). His table 8 (p. 120) is quoted. 

Tabic XIII. 

(From Bnwtlon: Plant Viruses.) 

Effect of dilution on the infectivity of mixtures of tobacco mosaic 

virus and sera. 


Dilution 

Avorngo number of lesions per loaf 

Saline 

control 

Nomml 

Bonim 

Tobacco mosaic 
virus antiserum 

1/1 

240 

24 

O 

1/6 

210 

40 

4 

1/25 

62 

38 

0 

1/126 

29 

18 

9 

1/026 

13 

6 

6 


It is obvious, that a distribution curve of this type is incompatible 
wth the figures in table XII. If, however, c is approximately 1 it 
is possible to find a form of function {17 a), which can be fitted to 
the experimental data. This will be the case if the inactive complex 
consists of one virus particle and one inhibitor molecule. The following 
dissociation, formula is obtained. 
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(IS) 

The expected frequencies of tekes can be caicolated accorfc l. 
the formula {12) if (Cq is substituted for a:. As p in that formula is 
not known, the absolute value of tbe dissociation constant cannot 
be calculated from tbe best fittmg function of type {18). We have 


P -/.0 



Figure 4. Probability of takes. Curves A — O — distribution accordinglto 
dissociation formulas A — C. Curve to the right = representation of the func- 
tion P — 1 — e — Experiment 10. 


It is therefore, possible to find only a value of fk that fits the ex- 
periment. This was found to be fh — 0.4. Tbe corresponding distri- 
bution curve is found in fig. 4 (curve A) together with the experi- 
mental data. The agreement is good. total was calculated to 15.27, 
corresponding to a probability of identity of 0.2 — 0.3. As all active 
particles in this case must be single molecules the probability of 
single molecule infections will be The expected per- 

centage of single molecule infections is recorded in fig. 5 (curve A) 
together with the data from table XII. The calculated rate of in 
fections of this Mnd is obviously far too high to fit the experiment 

AUernative B. It will be shown later that the molecules of the virus 
protein are in all probability rodsbaped. It is, therefore, likely that 
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And finally 



The formula for calculation of the number of active particles will 
thus, be exactly the same as the function {18), and the distribution 
curve consequently identical with curve A fig. 4. The number of 
single molecule infections will, however, be different. According to 

function {19c) the ratio of such infections will be 

The corresponding curve is found in fig. 5 (curve B). Although this 
alternative gives a lower rate of infections of this l^d it is still too 
high to fit the experiment. 

Alternative C. If on the other hand the intermolecular bonds go 
from a to a and from b to b, so that a chain of molecules would be 
signified by the symbol ah — ba — ab — ba, there will be two different 
kinds of bonds with different dissociation constants. Chains of a 
certain odd number of molecules will all be of the same kind with 
one free a pole and one free b pole. Chains of an even number of 
molecules will belong to either one of two types, with two free a 
or two free b poles. Let the concentration of the different kinds of 
aggregates be {u^ + v^), {u^ + v^), etc. Let further the num- 

ber per imit volume of free poles be and Fg,, and the number of 
bonds Ba and B/,, and we have 

Fa = z^ + 2u, + Zg -h 2u^ ••• Fi, = Zj^ + 2v. + - 

B =^2 -f + 2v^ + 2% -f Bi, = u„ -tz^ + 2^^ + 22 : 5 -f-- 

The rate of dissociation will be proportionate to B^ and Bp. 
The rate of association will be proportionate to the number of possi- 
ble combinations of free, poles, i.e. to Fll2 and F%j2.'^ Letting the 
dissociation constants be and ifej, we get the following system of 
equations, z^ and z having the same signification as before: 

^ The number of possible combinations is ^ . The above approxi 

mationa can be made as Fa and Fb have large numerical values. 
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This leads to 




h 

4 


2 haBa = Fa 

2 Icb Bb = FI 

Fa + Fb — 2 Xq 

2Ba + Fa = 2Bb + Fb = X. 




m 


The deduction of the number of single molecule infections can bo 
made in the following way. Using the same symbols and remembering 
that the same chain with an odd number of molecules is formed regard- 
less whether a single molecule is added to a u- or a v-molcculc, we 
have the following series of equilibriums: 




A. 

2 ka 




_S, Vo !E, W. _ x\ 

l-a'^ h~hh' 


X, X, 


f, _ I *3 ■ 

^ 2JCa 2klkb 


x'. 


X, X, 

V, — = 


X 


2 kb 2kakl 


X 4 . ^ = 

' ka kb k’akl 

etc. 

We get, therefore: 

This leads to 
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If = kf, tlie functions (20), {20 a), and {20 b) will be identical witli 
tbe corresponding expressions {19), {19 a), and {i9b), as must be 
tbe case. 

There is an indefinite number of pairs of and \ that will equally 
well fit the distribution of frequencies of takes observed. There is, 
however, only one pair of values that simultaneously gives the best 
agreement with both the total number of takes and the number of 
single molecule infections. The curves C in fig. 4 and 5 correspond 
to ‘pha = 0.03 and phf, = 1.6. There is a fair agreement with the 
experimental data. x~ amoxmts to 17.63 with a probability of iden- 
tity of 0.1 — 0.2, thus slightly more than in the cases A and B, hut 
still within the limits of a chance variation. Curve C is the only one 
to fit acceptably with the number of single molecule infections. 

Alternative D. There is, however, another line to follow in the search 
for an explanation of the experimental data. If there is a definite 
variation in the value of p, i.e. if the groups of test animals are hetero- 
geneous with regard to resistance, there will be a deviation from the 

normal distribution of takes. Let Pp Pg denote the different 

p values in a group of n animals. One can easily see that the corre- 
sponding probability of takes will be 

,{ 21 ) 

n 

The corresponding distribution curve will be the average of a series 
of normal curves, provided that all test groups are similar with regard 
to the average p value and the variation around it. It is immediately 
evident that a curve of that type must have a flatter course than the 
normal curve. As an example a curve of this kind is shown in fig* 3, 
(curve D). For the construction of this curve, log p was chosen as a 
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measure of the resistance, and it was further assumed that the fre- 
quency distribution was of the normal typo, the standard deviation 
hpinfT O, = 0.6. This means that in a group of 48 animals the 
following classification of resistance could be made: 


1) a group of 3 

2) i> 12 

3) » 18 

4) » 12 

5) » 3 


animals with 
i> 
i> 

» 

» 


average log (p„/p) 
r> » 

0 » 

» » 

» i> 


= — 1.2 
= — 0.6 
= + 0 
= - 1 - 0.6 
= 4- 1.2 


The resulting curve fits excellently with the experimental data, 
yr being but 13.31 with a probability of identity of 0.3— 0.5. The 
probability of single molecule infections will be 

S(f„X.C-Vn>) ^ ( 22 ) 

^ n . . 


The corresponding curve is shown in fig. 5 (curve D). In this respect 
the fit is not good. 

It is impossible to draw any definite conclusions on the basis of 
the above discussion. In important points the reasoning was based 
upon the theory of single molecule infections. Although there is 
much in favour of that assumption, it is nothing but a hypothesis, 
and \mtil further evidence is collected, proper caution must be 
exercised. In the following discussion it must be remembered that 
B and C are the only alternatives to exclude each other. Each one 
can exist in combination with A, or D, or both. "VMiichever the 
combination, the alternative D must be expected to play a part, 
simply for the reason that absence of individual variation would bo 
contrary to all experience. Eurther evidence to that end can be 
obtained from table IX. A distribution ciurve, based upon one of 
the functions (IS), (19), or (20) has a slope that to a certain extent is 
dependent upon the value of fh. As h must be assumed constant for 
a given virus and a given solvent, the slope will depend upon p. 
With decreasing p the functions (18), (19), and (20) give distribution 
curves ever more approaching the limit function (23), where K has 
the form p]/X-. The slope of the curve 


P = 1 — (t—k • y~x^ 


(23) 
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represents, therefore, the lower limit of the corresponding distri- 
bution curves. Function (23) is shown in fig. 4; The slope of the 
approximately straight portion is 0.39 per unit of log px. Now we 
have in exp. 8 table IX, the age group a with a distribution curve, 
the slope of which is but 0.125. This type of flat curve cannot be 
explained on the basis of functions {18), {19) or {20) exclusively. 
Function {21) on the other hand can assume any degree of slope from 
0 to that of the normal distribution curve. As a matter of fact we 
must expect a considerable heterogeneity in age group a, as it com- 
prises animals from 54 to 92 days old. 

A combination of variation in host resistance and aggregation of 
virus particles seems to be most fit to. explain the results in table 
XII. It is not even necessary to assume a reversible aggregation. 
For it must be remembered that the frequency figures in the last 
column of table XII are at least rmcertain, considered the small 
number of observations. A reduction in the values of curve D, 
fig. 6, with a constant fraction might therefore very well fit the ex- 
periment. 

It is hard to say whether the observations by Bald on the tobacco 
mosaic virus could be interpreted in the same way. In that case 
one must obviously assume the existence of entry points with diffe- 
rent degrees of susceptibility on the surface of one and the same 
leaf. Although this seems a priori not improbable, to the writer’s 
knowledge there are so far no direct observations on this matter. 

Table XII can also serve as basis for a further analysis of the in- 
cubation time method. Let denote the incubation period after 
infection with x virus particles, and we can assume the following 
conversion of the formula (7) 

i _ i = h . (log X — log 1) 

b having the same numerical value as in (7), but being positive. From 
table XII the value of was estimated to 0.055 ± 0.004. Pre- 
viously the numerical value of b was calculated to 0.0547 + 0.0008. 
It seems, therefore, very reasonable to assume ^ ^ simphfy 

the formula to 
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■ — = 6 • (loga; + ij. 

■ 

In a sufficiently large group of animals inoculated with equal 
amounts of the same virus dilution the fractions infected by 1, 2, 
3 etc. virus particles will be 

Pj = pa; • 

p 

2! 

" nl 


If y is the average of ^ through the whole group of animals we have 
according to formula {24) 

[Pi (log 1 + 1) + Pj (log 2 + 1) + ]■ 

provided, that h is constant, i.c. all animals of uniform resistance, 
and that each particle contains only one virus molecule. But 

Pj + Pj, + Pg + •••= 1 — c-P* 

Thus 

y = 6 . (1 - c-p») -vh^S {25) 


Function (25) has two asymptotes. Wlien px decreases towards 0 
the function will approach »from abovc» the value h . (1 — For 
large px the first term will assume the value h and the second term 
approach i>from below)> the value 6. log px. From values of px of 
10 and upwards function (25) will, therefore, be practically identical 
with function {24). In fig. 6 the theoretical curve is compared with 
the experimental data from table XII. The agreement is satisfac- 
tory. 

If the particles in the virus suspension do not consist of single 
virus molecules but are aggregates of a constant number of c mole- 
cules, formula (25) will assume the form 


y = 6 • (1 -1- log c) (1 - e-P*/<=) -H 6 . 

I nl ■ 


, g— pa/e 


]• 
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For large fx values tliis function will have the same value as (25) 
For small 'px on the other hand y will be significantly lower tian 
in case (25). In case of a reversible dissociation of the aggregates 
with dilution, therefore, no appreciable deviation from the formula 
(25) can bo expected. 

In order to compute the influence of variation of resistance upon 
the incubation time curve one has to consider that b certainly varies 
with p. As long as the t>’pc of this covariation is not known, it is 
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MIC to speculate over the details «' "C^veHt 
the result of such a variation. On the wh , ^ 

couBtrueted like the funetion (21) as an ; ,„gely 

tiaUy Btoilar eutves with diffeteut h and p. “ *,,1. 

be of the same type although the way ■“ J mlUepend up»» 
asymptotes and the slope of the leeflmeaT part mU P 

the covariation of b and p. „oc,iTnpd that more than 

In the above discussion it was tartly ass^d|a ^ 

one virus molecule can enter tbc same cell a 
the same course as after as many smg e i^g^omenon of inter- 

assumption is by no means scU-evident. T P ^jUbited 

ference between different strains of the same vrms 



81 


for instance in yellow fever, must : be interpreted as the result of 
a competition, about the susceptible cells. Once a virus particle 
has entered the cell the affinities are saturated and a superinfection 
by further virus particles is impossible. As will be shown later there 
seems to exist no interference in mouse poliomyelitis, indicating that 
superinfection is possible. From this point of view the reasoning 
should, therefore, be correct. On certain theoretical grounds to be 
discussed later one might, however, expect that the course of the 
infection after a certain number of hits will be different, depending 
upon the number of cells concerned. At present the experimental 
evidence towards that end is insufficient, and the analysis cannot 
be extended further. 

The agreement between found and expected as illustrated in fig. 
6 does not, of course, prove the validity of the formula (24), but shows 
that if this function is valid, it can be. applied to the average from 
a group of animals as well. A comparison between fig. 6 and the dif- 
ferent types of curves previously discussed reveals the following facts. 
The point fx = 1 corresponds to log dilution 6.96 in the incubation 
time curve and 6.98 in the distribution curves A, B, and C fig. 4. 
As these' two estimates of the •virus concentration are largely inde- 
pendent of each other, the close agrecmeat' must bo regarded as 
. suggestive evidence of the validity of the formula (24). In the di- 
stribution curve D, px = 1 corresponds to log dilution 6.56. This 
figure is, however, not compatible with the incubation time titer 
as being based upon different assumptions, and the numerical values 
now mentioned caimot serve as an evidence in favour of one of the 
alternatives A — C. 

1 The 50 p. c. point corresponds to log px == + 0.24 in curves A 
! and B and to log px = + 0.29 in curve C. In conformity with these 
ji figures the average from a number of titrations listed in table XI 
,( was calculated to + 0.277. 

< 

According to the above discussion the 60 p. c. endpoint titer as 
a measure of the activity is decidedly unsatisfactory. Its relationship 
.. to the actual virus concentration is dependent not only upon the 
.i resistance of the test animals but also upon the physical state of the 
virus particles. The incubation time method on the other hand seems 
to be largely independent of- the latter condition and, therefore, 

^ to give a more reliable information about the virus content. In the 

6 — 43200 . S.Oard. 
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present case therefore, it seems to be more logical to connect the 
defmition of an infective unit with the latter method. Consequents 
the following definition is formulated. ^ 

DEFINITION. One MID of t?ie encephalitogenic strains of mouse 

poliomyelitis virus contains a number of ^ virus molecules, f hekg 

tliG resistance factor of the probability function. The activity of a given 
virus solution is the number of MID per ml. 

For calculation of the activity one has to use the formula (24), 
Let _A be the activity. The standard volume of the inoculum is 
0.02 ml. Consequently we have 

j/o-b- (log 0.02 .4 + 1) 

log.4 = ^ + 0.7 (28) 

{/(, denoting the reciprocal of the harmonic mean of the incubation 
periods obtained after inoculation of the undiluted material and b 
having the value 0.0547. All titer values recorded in the following 
were calculated according to this formula. 

♦ * 

♦ 

It was previously pointed out that the correlation between the 
amount of virus inoculated and the length of the incubation period 
led to the assumption that the rate of multiplication of virus was 
“overlogarithmic”. An attempt to visualize the mechanism of this 
process was made on the basis of the following reasoning. 

A logarithmic rate of multiplication will be the result if each virus 
particle through branching or otherwise gives rise to a constant num- 
ber of daughter particles and the generation period is constant 
throughout the growth phase. Let the number of daughter particles 
be m, the generation period £, y the number of descendants of one 
single virus particle at the time x, and we have 

y = w*/* 
or 

, log m 

logy — — a. 



THE TKYMOL REACTIOIf AS A LIVER TEST. 
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Significance of Persisting Positive Thymol Reaction after Apparent 

Gl i n ical Restitution. 

Kunkel & Hoagland (13) applied the thymol test in convales- 
cence after acute hepatitis and found it to be positive in 67 % 
of 27 cases with persisting symptoms (the nature of which is not 
stated). Of 30 without symptoms only 7 % had a high thymol 
value. 

About 18 % of the cases of acute hepatitis examined at the 
Hospital of the Rockefeller Institute, N. Y. had a clinical rela pse 
during convalescence. In all these cases there was an increase in 
the thi’inol value one to three weeks after the relapse set in. In 
some instances the thymol value ivas higher than at the primary 
attack, and in some the increased values persisted up to six months 
after other objective signs of the relapse had subsided. 

For the purpose of examining the significance of a persistently 
high thymol value, 12 of the patients discharged as apparently 
recovered, while still ha\'ing a high thymol value, were examined 
subsequently (fig. 4). 

Special interest attaches to the curves of five of the patients 
because, in contrast to the others who were after-examined, they 
still presented both subjective (lassitude, nausea, vomiting) and 
objective symptoms (jaundice [sub-jaundice]) of defective resti- 
tution. 

As these cases also seem to be of particular interest in the 
question of the significance of a persistently positive thymol 
reaction, their data are given below in brief outline (Th. = thy- 
mol value, TA. = Takata x\ra, II = icterus index). 

No. 1 (2 b. 14/12-20) (Curve 1) on discharge had Th. =0.27, TA. 
negative, 11. 8. The after-examination shows considerable lassitude, 
occasional epigastric oppression and nausea, but no jaundice. Four 
Weeks after discharge, Th. was O.C", TA. positive. 

No. 2 (^Jh. 1/5-13) on discharge had Th. 0 . 12 , TA. weakly positive, 
11. 7. Constant lassitude since discharge. In the period three to five 
weeks after discharge had a temperature, about 38°, sometimes nausea 
and epigastric oppression. At this juncture there is marked fluctuation 
in Th. to 0.75. TA. as on discharge, Weakly positive, II. 12. Fourteen 
days later a subjective improvement, temperature normal, and a con- 
siderable fall in Th. to 0.35. TA. still weakly positive, IT. only 6. 

• No. 3 ($ b. 24/3-21) on discharge had Th. 0.17, TA. negative, 11. 5, 
but in the ten weeks prior to the after-examination had two relapses 
with the symptoms lassitude, nausea, vomiting, pale faeces, dark 
urine. At the after-examination the only complaint is tiredness. Th. 
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cells, however, would be larger ,ia the latter case,' i.e. the iuhibia, 
iniluence less pronounced, and one ■would accordingly expect a more 
tapid midtiplication. This is‘ in full agreement with the results in 
table V, illustrated in fig. 1, these experiments showing that apphca- 

tion of large inocula gave disproportionately .short incubation periods. 

If bn the other hand the ratio susceptible cells /resistant cells 
decreases, as must be the case in adult mice, the rate of multiplication 
of ■virus would decrease, in accordance with the experimental data 
(tables VIII and IX). 

In the formula (27) m can be said to represent the type of biological 
or chemical process, significant for the propagation of the virus in 
question, while Ha a measure of the rate of multiplication, i.e. m 
is a characteristic of the virus, t one of the host. An inhibitory effect 
from the side of the host would be most likely to cause a change of t, 
while w would be unaffected. . 

■ Suppose that the susceptible cells are evenly distributed over a 
sphere, the radius of which is unit. In the centre the inoculum is 
deposited, spreading over a concentric sphere with the radius r. 
Ikom the site of inoculation the virus migrates evenly in all diiec- 
tions, the rate of migration being v. The number, of intact cells at the 
time X after inoculation will then be proportionate to 1 — {r + vxf, 
and the rate of inhibition will be a function- of this expression, r 
is an arbitrary constant, dependent upon the conditions of the ex- 
periment and V might be a. constant or be a function of r and x. 
Let t be the generation time in the case, that all susceptible cells 
are invaded, and the rate of multiplication can he expressed as 
follows. ■ ' • ■ 

fV y -■ (2S} 

. dx t :+ til ~ (r -i- vxf] 

At present it is impossible to give any hints as to the actual form 
of this function. If, however, the rate of inhibition is a linear hmc- 
tion of the number of intact cells and the rate of migration of the wm 
is constant, the formula could be given the following form 

■ • d:(\ogy)=^(G^-\-G^x-i-M-^C,x^-^--)-Ax pa) 

Op, (7j, G.^, etc. being constants. j f 

According to the reasoning on page 36 the formula {2d) lea s 
the following growth; equation ■ r 
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log {/.= 


bx 

1 — bx 



By differentiating we get 

dilog y) = (2 (& + + 3b® a:" + -- -)-dx. (29 a) 

In the formulas (28a) and (29a) the series of coefficients Cq, C^, 
Oo, . . . and b, 2b\ 3fe®, . . . are rapidly converging towards 0. For 
small values of x, therefore, all terms from a certain are in- 



Kgvire 7. Multiplication of virus, theoretical curves. Inserted (a) experimental 
data from Theiler and Card. 


significant. It is, therefore, possible to identify (28a) with (29a) 
for small values of x by arbitrarily making a number of the coefficients 
(7„ identical with the corresponding ones in the formula (29 o). The 
coefficients O^, however, are functions of the five unknown quanti- 
ties in the formula (28), and therefore not more than five of them 
could be arbitrarily chosen. Thus it is possible to find values of the 
constants such as to give Co = 6 , Q^ — ^b^, C^ — W, Cg^ib^ 
and C 4 = 6 6 ®, while the rest of the coefficients C„ might differ from 
the corresponding nb”. Formula (28 a) will then be identical with 
(29 a) at least up to the point, where the term 6 b®®® begins to be 
significant. 

The growth curve corresponding to the formula (29) is shown 

in fig. 7 (the heavy line). For ® — J log y as well 

0 ax 
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fmite. TWs can hardly agree with the. experimental data On the 
contrary it was previously pointed out that the concentration of virus 

never exceeds a certain limit. For cc = ~ therefore, log ij should 

assume a certain well defined finite value. It is also obvious that 
the rate of multiplication of virus must have a finite value. On pang 
54 it was pointed out that the method used for calculation of tk 
incubation period gives but approximately correct figures. From this 
fact it is evident that the formula {29) gives only an approximation 
of the real growth function. The corrections to he instituted on 
behalf of the approximated calculation of the incuhation period lead 
to a displacement of the curve towards larger x values. The dotted 
line in fig. 7 is an attempt to illustrate the probable course of func- 
tion {2S). The flex tangent (fine line) denotes the maximum rate of 
multiplication. When this point is reached all susceptible cells are 
invaded and multiplication can proceed only till the virus con- 
centration of each cell has reached the limit. In fig. 7 a further 
diagram is inserted, based upon an experiment by Theiler and Gatd 
(Jour. Exp. Med. 72, p. 60, table V), in which the virus content of 
the brain was determined at intervals after inoculation. Although 
no direct comparison as to numerical values is possible, it is obvious 
that the multiplication of virus really follows a curve of the general 
type now described. 

This discussion was not aimed at solving the problem. The vrri- 
ter’s intention has been to present a general line of thought along 
which the solution might possibly be foimd. As to the nature of 
the inhibitory factor and the transmission of the effect from one 
cell to another nothing but a guess can be advanced. It might be 
a substance produced in the cells and excreted, or it might be con 
ceived as a neurally transmitted mutual control of the metabolism, 
a sort of trophic tonus. 



CHAPTER V. 


Purification of neurovirus. 


men Stanley (142) in the year 1935 obtained a crystallizing pro- 
tein, sho'wing all the characteristics of tobacco mosaic virus, a new 
epoch in the history of virology had started. Not that the purifica- 
tion of viruses with the aid of chemical methods was a new idea. 
Attempts to that effect had been made for about a decade. Neither 
was Stanley’s protein the first pure virus preparation, elementary 
bodies of vaccinia being prepared in more or less pure state by Mac 
Callum and Oppenheimer in 1922 (101). Stanley, however, purified 
a virus with elementary particles of such a small size as to be classi- 
fied as molecules. His investigations proved that this virus in pure 
state acted as a molecular chemical compound, as a protein. Viruses 
were regarded as minute microorganisms and as such in some mys- 
terious way standing above the laws of chemical substances. On that 
account Stanley’s result was felt like a shock. Later, however, it 
was realized that it was not conclxisive evidence against the vitalistic 
theory. 

Stanley’s work incited numerous attempts to purify viruses of 
different kinds, principally plant viruses. His results were confirmed, 
and using the same method of purification — repeated differential 
precipitation with ammonium sulphate at controlled pH — Bawden 
and Pirie (8, 9, 10) were able to obtain in pure state the cucumber 
viruses 3 and 4 and the viruses of latent mosaic and bushy stunt. 

In the case of less stable viruses, however, this procedure was not 
satisfactory, as the material was largely inactivated during the puri- 
fication process. Attempts were made, therefore, to find less drastic 
methods. MacCallum and Oppenheimer had found that the virus 
of vaccinia could be purified by means of differential centrifugation. 
This method was later successfully used by Ledingham (97) and fur- 
ther elaborated by Parker and Rivers (114). At the same time the 
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quantity lugh speed centrifuge had been largely improved by Gratia 
(65) and especially by Beams and Pickels (11). It was now possible 
to subject comparatively large quantities of material ~ up to 100 ml 
— to centrifugal fields of more than 50 000 times gravity at a low 
temperature, the latter not the least important when treating un- 
stable organic material. The new equipment was tested in purifica- 
tion experiments and proved to yield excellent results. Thus it 
was possible to obtain in puce state the viruses of tobacco rmg spot 
and severe etch and the cucxunber virus 1. (144). 

Animal viruses, usually being less stable than plant viruses, have 
proved more difficult to purify. The chemical methods have generally 
not yielded satisfactory results. By means of differential centrifuga- 
tion, however, supposedly pure preparations of the viruses of vaccinia, 
Sous’ sarcoma (25), Shope’s rabbit papilloma (12), and equine en- 
cephalitis (162) have been obtained. ' 

Janssen (74) elaborated for the virus of foot and mouth disease 
a purification procedure that differs principally from the usual 
methods. Adsorption and elution as used in the enzyme chemistiy 
had frequently been tested in experiments on viruses. It was, how- 
ever, found a matter of difficulty to elute the virus without destruc- 
tion of the activity. .. Janssen, therefore, aimed at a method by which 
the adsorbent could be manufactured in the reaction mixture, centri- 


fuged off and redissolved, thereby making the virus free. . He found 
that a virus containing fluid, saturated at room temperature with 
calcium sulphate, on addition of 20 p. c. alcohol or a mixture of alco- 
hol and ether, formed a precipitate containing all the activity and 
but little extraneous materiaL This precipitate could he redissolved 
in water and the process repeated deliberately. The final preparation 
consisted chemically of a nucleoprotein and was considered by Janssen 
to be pure virus. He also attempted later to purify tbe virus by 


means of differential centrifugation (75). ' 

Attempts at pnrifioation of the virus of poliomyelitis have been 
made now and again. Howitt (72) found that infectious spinal cord 
could be defatted with ether and that a considerable amount o 
extraneous proteins could be removed from the remainder by pic 
cipitation with basic lead acetate, without much loss of activity. 
Clark (23, 24) and his collaborators concentrated virus containing 
extracts by means of vacuiim distillation, removed the excess o 
salts in dialysis and precipitated the vims with ammonium sulphate. 
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They foundi that the virus .was completely precipitated in 60 p. c. 
saturated solution but remained largely in the supernatant at 30 
p. c. saturation. If the .material had been extracted with ether before 
the precipitation, the virus was practically insoluble in distilled water. 
They found finally, that the virus could be concentrated by means 
of centrifugation at high speed. 

Rhoads (126) had shown that the virus could be adsorbed on alu- 
minum hydroxide.. Sabin (128) found that the activity could be 
eluted in quantity from the precipitate with dilute disodium phos- 
phate solution. After subsequent dialysis and vacuum distillation 
he obtained a preparation giving negative tests for protein and ten 
times as active as the starting material. Behrens and Barker (13) 
accomplished a partial purification by means of repeated isoelectric 
precipitation at pH 4,8— 5.0 with 0,01 m citric acid. 

Brown and Kolmcr (16) used differential precipitation with ammo- 
niiun sulphate according to Stanley and obtained a solution prac- 
tically retaining the original activity. It flocculated sharply at pH 
4.0. The precipitate could be dissolved in water and reprccipitated 
at the same pH, The final solution contained but 0.01 p. c. .protein. 

I. Ncxirovirus from mice. 

The principal difficulty involved in the purification of brain and 
cord suspensions, is the presence of large amounts of lipoid matter. 
These substances are easily emulsified even in dilute protein solu- 
tions. On account of blocking they make filtration of the extracts 
practically impossible. They have a low specific gravity and cannot, 
therefore, be removed by centrifugation. This difficulty was encoun- 
tered by Beard and his collaborators (37) purifying the virus of equine 
encephalitis from chick embryos. They observed serious disturbances 
of the purification process unless the brain and cord were removed 
from the embryos before preparation of the extracts. 

If a brain suspension is shaken with half the volume of ether, the 
mixture forms a homogeneous emulsion. On standing, however, it 
soon separates into two or three distinct layers: a top layer, consisting 
of ether and ether soluble substances, a middle layer containing lipoids 
and lipoproteins, insoluble in ether and water, and an aqueous bottom 
layer with the water soluble substances. This aqueous solution, 
however, still contains large amounts of particulate matter of low 



90 


specific gravity, making further 
centrifugation impossible. 


purification by means of differential 


In an attempt at concentration and partial purification of polio 
myelitis virus from sewage and stools the present writer employed 
precipitation with ammonium sulphate (46), With the aim to ob- 
tain the vims fraction in an easily separable form the precipitation 
was made in the presence of ether. The top layer was found to con- 
tain the whole precipitate. When the top disc was dialysed or ex- 
tracted with water, it was observed that the eictract remained water 
clear as long as a sufficient amount of ether was present but turned 


opalescent or turbid as soon as the ether was removed. 

This observation was used by Gard and Pedersen (50) in puri- 
fication experiments on mouse poliomyelitis virus from infected 
mouse brain. A brief account of these experiments has previously 
been pubh'shed. In the following they will be described in detail 
together with the subsequent work. 


Preparation of extracts. 

First it was attempted to determine the most favourable conditions 
for extraction of the tissue. 

Expcrimenl 11. 18 brains wore ground with storilo sand and 16 ml oi distilled 
water. 2 ml portions of the heavy suspension were thoroughly mixed with 8 ml 
of buffer solution (ionio strength = 0.1). After 2 hours at -f 4® C the mixtures 
wore centrifuged at low speed, the supernatants removed and diluted 1’. 100 
and 1:10 000, Of each dilution 0.02 ml amounts were inoculated intracere- 
brally to groups of 6 mice. The results are summarized in table XDI. 

Table XIII. 

Influence of pH at the extraction of virus containmg nerve tissue. 


Buffer 

pH of extract 

titer of extract 
==logA 

Acetate 

5.1 

7.8 

Phosphate 

C.l 

7.4 

' P 

7.1 

7,7 

Borate 1 . 

7.8 

7.9 

» 

9.0 

8.3 

» 

9.7 

8.1 

Diet, water 

7.3 

8.1 
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The differences observed are not statistically significant. There 
is, however, a certain trend towards an optimal pH at about 9. 
This coincides fairly with the range of maximum stability of the virus. 
The differences might, therefore, well be regarded as a pH effect on 
the stability rather than the solubility of the virus. 

In similar experiments the- effect of different salt concentration 
of the diluent — from 0 to 2 m sodium chloride solution — was studied. 
No significant differences were observed. It was found, however, 
that the coarse material of the suspensions showed a maximum sedi- 
mentation velocity in the range between 0.025 and 0.076 m NaCl. 

The quality of the extracts was to a certain degree dependent 
upon the quantity of diluent used. If 10 p. c. suspensions were left 
to settle over night in the cold room, the bottom layer of coarse 
material usually amounted to more than 60 p. c. of the total volume, 
and the supernatant was very turbid. In 6 p. c. suspensions the 
bottom layer was less than 20 p. c. and the supernatant much clearer. 
Further dilution had no significant effect. 

Experiment 12. The completeness of the extraction was studied in the fol- 
lowing experiment. 600 brains were ground with sand and made up with diluent 
to a total volume of 3 600 ml. After settling over night in the cold, 2 760 ml 
of supernatant was siphoned off, and further diluent added to the remainder 
up to the original volume of 3 600 ml. A second extract of 3 000 ml was col- 
lected. The activity of the extracts was tested and found to be log A = 6.35 
and 5.36 respectively. Thus, the first extract contained 90 p. c. of the total 
activity. 

In accordance with the above experiments the crude extracts were 
prepared as follows. The brains were thoroughly ground with sand 
and mixed with a diluent consisting of 0.05 m sodium chloride solu- 
tion to which was added phosphate buffer of pH 8.0 to an ionic 
strength of ji. = 0.001. The total volume was adjusted to give a 
5 p. c. suspension, calculated on brain wet weight. The mixture was 
allowed to settle in high glass cylinders over night in the cold room. 
The supernatant extract was then siphoned off and the remainder 
discarded. 

Removal of the lipoidal constituents. 

In the crude extracts rather large quantities of material were se- 
dimentable at high speed centrifugation. Part of this sedimented 
also at low speed, and during repeated fractionation in the centxibige 



an increasing amount of coarse material could be removed 
analysed in tbe ultracentrifuge tbe purified remainder, howevr 
proved to be inbomogeneous, without any distinct sedimentation 
boundaries, regardless of tbe number of fractionations. There seemed 
to be no end to this purification procedure. If differential centri- 
fugation was to be employed, wbicb from several points of view was 
favourable, tbe crude extracts must obviously undergo some initial 
treatment in order to remove tbe mass of lipoidal matter. 

Since desiccation in vacuo destroys tbe activity, extraction of the 
dried material with benzene and other lipoid solvents was out of the 
question. ‘ As already mentioned separation with ether according to 
tbe three-layer-metbod of tbe aqueous extracts led to a considerable 
purification, although enough lipoids were left in solution to make 
further purification by means of differential centrifugation a tire- 
some business. It was, therefore, attempted to get more suitable 
extracts by means of enzymatic digestion of the macerated brains. 

Experiment 13. In four experiments infected brains were ground with sand 
and small amounts of . water. Parts of the heavy suspenBions were mixed with 
3 or 4 volumes of equal parts of pancreatic juice and glycerin. A set of con- 
trols were mixed with 50 p. c. glycerin and their pH adjusted to that of the 
reaction mixtures. The samples were kept at 37“ C for 16 -t 36 hours. They 
were then centrifuged at low speed and the supernatants titrated in mice. 
The results of these tests are summarized in table XIV. 


Table XIV. 

Influence of digestion with pancreatic juice on the activity of infected 

mouse brains. 


Time 

Titer = log A 

Difference 

36 hrs • 

, 

" Digest 

8.091 


+ 0.79 


^ Control . . . 

7.30 J 



16 hrs ■ 

'Digest 

^ Control . . . 

7.491 

6.84. 


-h 0.65 

24 hrs ■ 

Digest .... 

^ Control . . . 

7.161 

6.76. 


+ 0.39 

24 hrs ■ 

' Digest 

Control . . . 

8.271 

7.65. 


-hO.62 


In all cases the digest had a higher titer than the corresp^ding 
control! The mean difference 0.61+0.146 is statistically signincau 
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The digestion obviously did not inactivate the virus. Aether on 
the other hand the apparent activation should be accounted for by 
a preservative effect, an actual activator in the pancreatic juice, 
or the destruction of an inhibitor in the brain tissue remained un- 
settled. There are, however, facts in favour of the two latter alter- 
natives. The digested material was subjected to differential centri- 
fugation but proved to be even less suitable than untreated extracts. 

Experiment 14. Several other procedures wore tested. In prolirainarj' ox- 
Xwrimenta it was found, that a maximum of flocculation ocoured at about 
pH 4.5. The following experiment was act wp. 0 brains were ground with 
sand and 15 ml of dialilled water. The euaponsion was centrifugetl to remove 
sand and coarse particles. The supernatant was divided into 4 portions, to 
each of which was added I volume of buffer solution of ionic strength (i = 0.1. 
The mixtures were centrifuged at low speed, tho supcrnatanl.s poured off and 
sampled for pH and nitrogen determinations. 1 ml of each sujiemntant was 
neutralized against phenol red, made up to 10 ml, and titrated in mice. The 
results are summarized in table X\'- 


Tnblo XV. 
Isoelectric precipitation. 


Buffer 

Supernatant 

pH 

rng N per ml 

liter 

' 

Acetate 

almost clear 

4.07 

0.422 

3.41 

1 

clear 



2.S8 

» 

• 

4.57 


2.83 

I Phosphate 

turbid 

7.19 

0.789 

G.Ol 


Vrom this it is evident, that the total activity is precipitated to- 
gether with approximately 50 p. c. of the nitrogen. Clarification by 
this means was therefore not practicable. — In a second experiment 
the properties of tho precipitate were studied. 

Experiment 15. To a measured amount of extract acolato buffer was added 
to give a final pH of 4.5. Tho mixture was centrifuged at low speed, tho super- 
natant poured off and neutralized. Tho precipitate was suspended in phosphate 
buffer of pH 8.0, centrifuged and made up to the original volume. Both frac- 
tions wore titrated in mice together with an untreated control. The titers wore; 
precipitate 8.00, supernatant 4,34,' and'cohlrol 8.00. Thus the nclimty was 
completely reedvored from tho precipitate.' Tho susjxinBion was milky and 
presented tho same difficultio.s at centrifugation ns did tho origuial o.xtrnot. 













Janssen’s purification metliod was tested. The virus was howev 
rapidly inactivated in the concentrations of alcohol used. At a con- 
centration of 5 p. c. alcohol the loss of activity amounted to only 
10 p. c. but the precipitate formed contained less than I p, c. of tie 
total activity. Other adsorbents were tested as well. Eloridin was 
selected on that account, that it can be easily removed by sedimen- 
tation without centrifugation. None of the grades tested, however, 
adsorbed significant quantities of either virus or impurities, 
finally precipitation with ammonium sulphate was studied. 

Experiment 16. To portions of 10 p. c. brain suspensions saturated ammo- 
nium sulphate solution was added to give final concentrations of 40, 30, and 
20 p. 0 . saturation. 1/10 by volume of ether was added and the mixtures 
thoroughly shaken. They were then centrifuged at 3 000 r. p. m. for 15 minutes. 
In the two higher concentrations a top disc had formed and the mother h’qnor 
was clear, respectively almost clear. In 20 p. c. saturation- there was no top 
layer, a precipitate had settled, and the supernatant was turbid. The mother 
liquors as well as tho two top discs were made up to 100 -times the original 
volume of extract with saline solution. Tho precipitate of the 20 p. c. solution 
was discarded. Tho diluted samples were titrated in mice with the results 
tabulated in table XVI, 

Table XVI. 


Precipitation with ammonium sulphate. 


Salt concentration 

Titer of 

mother, liquor 

precipitate 

40 p. c. 
30 p. c. 
20 p. c. 


5.08 

8.39 


7.86 

7.97 

0 

8.66 

— 


At 40 p. c, saturation 99.95 p, c. of the virus was precipitated, at 
30 p. c. saturation about 4/7, and at 20 p. c. only an insignificant 

amount. , . 

The method for initial purification of the crude brain extrac 
finally adopted was as follows. The suspension was mixed w 
1/2 — 2/3 by volume of ether and thoroughly shaken. The m 
was kept in a separatory flask in the cold room for 4 5 hours, 
bottom layer was collected, 2/3 by volume of saturated 
sulphate- solution was added, and the mixture left to sett e m ^ 
cold during 4 — 5 hours. Then the water clear bottom layer was pour 
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off and discarded. The top disc, light greyish red in colour, was 
suspended in 3 volumes of distilled water, saturated with ether, 
and left in the cold room over night. The bottom layer, faintly yellow 
and opalescent, was collected, and the top layer resuspended in ether 
containing distilled water. The second extract was coloxirlcss and 
clear. The extraction was repeated twice more. The pooled extracts 
were run twice through a De Laval industrial separator used as clari- 
ficator with a centrifugal field of about 5000 times gravity. The 
solution was now free of ether and practically water clear. It "was 
then concentrated by means of ultrafiltration ns described by Sei- 
bert (137). In repeated tests it had been controlled, that no loss of 
activity occurred during filtration. 

Usually lots of 500 mouse brains were prepared, yielding about 
3000 ml of crude extract. The extract of the ammonium sulphate 
precipitate as a rule amounted to about 2000 ml, and was concen- 
trated to 100 ml by ultrafiltration. The final product could caail}' 
be subjected to further purification by means of differential centri- 
! fugation without the disturbances previously mentioned. 

DifTercntinl centrifugation. 

In these experiments a Beam’s centrifuge was used. The angle 
r head could hold 16 tubes of 0.5 ml effective volume each. The centri- 
fugal field was about 40 000 times gravity at a speed of 22 000 r. p. m. 
. Before each nm the rotor was cooled to +4° C. At the end of a run 
of three hours the temperature would usually not exceed -fC°C. 
: During the summer, when the moisture content of the air was high, 
' large quantities of water condensed on the rotor during the transport 

J from the cold room to the centrifuge, which hampered seriously the 

evacuation of the vacuum chamber. To avoid this the rotor was 
• enveloped in a slip-cover of watertight material with a zipper, that 
- could rapidly be removed immediately before the vacuum chamber 
was closed. This simple device served the purpose satisfactorily. 

Experiment 17. 

a) A 10 p. c. crude Buspension of infected brains wa.s spun in two experiments 
^ for 1 and 2 hours at 22 BOO r, p. m. In both cases a ycllowisli brown, almost 
clear pellet had settled. The supernatants were pipetted off and the pcllote 
^ resuspended in the original amount of diluent. Both fractions, supematanta 
and precipitates, wore etherized, stored in the icebox till the following day 
, and titrated in mice. The titers were; 
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. 1 hour supernatant 4.37 precipitate 6.97 ... 

2 hours . 4.39 . 6.08 

Thus in both cases about 98 p. c. of the activity was found in the precipitate 

b) In another experiment a crude extract was spun l hour at 22 600 r v 
The sujwmatant was poured off and the precipitate resuspended in 1/10 
the original volume. After etherization the concentrate was titrated together 
with an untreated control. Titer of concentrate: 7.96, control; 6.80. Thus 
an apparent gain of activity of about 46 p.c. had occurred. The difference was 
however, not statistically significant. 

c) A 10 p. c. suspension was spun at 11 000 r. p. m. for ,1/2 hour. The preci- 
pitated material forming a yellowish brown pellet was discarded, the superna- 
tant after etherization titrated together with an untreated control. Titers; 
supernatant 7.73, control 7.50. In this case also an apparent gain of activity, 
about 70 p. o., had occurred. 

, These preliminary experiments showed that the virus under the 
prevailing conditions sedimented completely im 1 hour in a field of 
40 000 times, gravity, whereas only insignificant quantities settled 
during 1/2 hour in a field of 10 000 g. Accordingly the following puri- 
fication procedure was tested. 

Experiment 18. A 10 p.c.' suspension was spun in an angle centrifageat 
3000 r. p. m. for 1/2 hour. The turbid supernatant was centrifuged at 22600 
f. p. m. for 2 hours. The supernatant was poured off = Si. The pellets veie 
resuspended in' diluent and spun at 11 000 r. p. m. for 1/2 hour. The sediinenl 
W£is taken up into diluent to the original volume = B2; The.8upematant = 
S2, after sampling for activity test, was spun once more at -22 600 
for 2 hours. The supernatant from this run = S3. The sediment was resuB; 
■pended and spun at 11000 r.p.m. for 1/2 hour.' The resulting fractions = 
S4 and B4. All preparations wore yellowish in colour and somewhat opalescent. 
They were titrated in mice ■together with an untreated control. The result is 
summarized in : table XVII. 

. From this it is evident, that a great deal of the activity is lost 
with the fractions B2 and B4, and possibly in, increasing 
as the procedure is repeated. Another matter .of interest is the ad 
that the total of the fractions Si, S2, and B2 shows a gain in actiw j 
of about 40 p.c. as compared with the control, whereas i i 
and B4 together yield' the saine amount of virus as did S2, froni w c 
they were derived. ‘ , , . 

.. The same observation was made in two of the preceding exps^l 
ments, .and seems to be. a; constant -ieatm'e nf the initial steps o pu^ 
fication. The reason is probably the-presence in the crude extrac 



Table XVII. 

Differential centrifugation of crude brain suspension. 
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Fraction Titor j Difforonco I Rol. cone. Total 


Control 7.34 100 100 


51 0.25 - 1.09 8 

52 7.38 + 0.04 110 

B2 0.70 - 0.04 23 141 


53 0.03 — 1.31 5 

54 7.16 - 0.10 05 

B4 6.80 — 0.48 30 100 


of one or two inhibitors — one that is not sedimentable and therefore 
separates from the virus by centrifugation at high speed, and another 
that is connected with the coarse material. Neither seems to combine 
with the virus in vitro. They arc destroyed by digestion with pancrea- 
tic jmce. The first one originates probably from the blood retained 
in the brain and may be identical with the neutralizing substance, 
shown by Olitsky to be present in serum of normal mice. The other 
inhibitor might have some connection with the tissue immunity; 
at least it is not present in brains of normal mice. The whole question 
has a bearing upon the problem of interference between different 
strains of virus as studied by Jungeblut and Sanders (78). E.vpcri- 
ments along this line are carried out and will be reported in another 
connection. On account of the circumstances now mentioned it was 
considered inadequate to express the yield in terms of the activity 
of the crude brain suspension. In the following, therefore, all such 
figmes refer to the virus content of extracts that have been subjected 
to initial purification. 


Experiment 19. In order to avoid tho heavy losses of activity tho techniquo 
wag Bomowhat modified in tbo follo>ying o.vporimcnt. 350 brains wore extracted 
as previously described, jdclding 900 ml of crude suspension. This was spun 
at 11 000 r. p. m. for 1/2 hour. The Bupematnnt = Si was sampled for activity 
tot and centr^uged at 22 500 r. p. m. for 1 hour. Tho prooipitato was taken up 
into a total of 84 ml of diluent, nUowod to swell in tho icebox for 2 hours and 

had settled. The supernatant was fractionated in tho same way twice more 
and successively brought down to a volume of 10 ml. All supernatants wer^ 
7 — 43200. S. Oard. 
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clear at the top with increasing cloudmess towards the bottom of the tab 
runs at the lower speed gave precipitates of the same general anoeav^.™ 
the first one. The final solution = S7 was titrated together with Sl!Th6 f t '' 
were Si = 7.66, S7 = 9.30, meaning an increase in titer of 65 times tritU 
decrease in volume of 82 times. The yield was 67 p. c. The preparation vas 
analyzed in the nltracentrifuge and proved to be largely inhomogeneous {{ig. 9 ) 


As purification by means of differential centrifugation alone seemed 
to be not feasible, ether-treated brain suspension was tested as 
starting material. 


Experiment 20. 350 brains were extracted twice. The pooled extracts were 
treated with ether as previously described. After dialysis against tap water 
the extract was centrifuged first in an angle centrifuge at 3000 r. p. m. for 15 
minutes and subsequently at 11 000 r. p. m. for 1/2 hour. The supernatant =: 
SI had a total volume of 760 ml. It was concentrated by ultrafiltration to 220 
ml. The originally waterclear extract deposited during ultrafiltration a floe- 
cular precipitate, blocking the filter. The concentrate was fractionated 6 times 
in the centrifuge at altomatingly 22 600 r. p.m. for 1 hour and 11 000 r.p.a. 
for 1/2 hour. The final solution = Sll had a volume of 6 ml, was slightly opale- 
scent and almost colourless. A precipitate had been deposited in all low speed 
centrifugations although in decreasing amounts as the purification proceeded. 
Two of these precipitates (B3 — 5) were sampled for activity test, and likewise 
two of the supernatants from high speed runs (S8 — 10). The titration resnifs 
are summarized in table XVIII. As demonstrated the losses of activity are 
definitely lower and the yield consequently higher than in the preceding ex- 
periments. Nitrogen determinations were performed on SI = 0.351 mg per 
ml, and Sll = 0.069 mg per ml. Thus the activity was 8.3 x 10’ MID per mg 
N and 4.7 x 10’° MID per mg N and the purification consequently 660 fold, 
— In a second experiment the yield of virus was but 26 p. c. The solution had 
a titer of 8.81 and the nitrogen content was 0.046 mg per ml. The activity was, 
therefore 1.4x10’° MID per mg N. 


Table XVIII. 


Differential centrifugation of ether treated extract. 


Fraction 

Titer 

Bel. cone. 

Volume 

Yield 

SI 

7.48 

1.0 

760 


Sll 

9.51 

107 

6 

86 p.o. 

B3~6 

8.02 

3.6 

6 

2.8 » 

S8— 10 

7.71 

1.7 

26 

6.6 


"When analysed in tbe nltracentrifuge these preparations 
a higher degree of homogeneity, and it was actually possi e 
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distinguisli two main components (fig. 10 and 11). The sedimenta- 
tion ^grams proved, however, the state of purity to be 
satisfactory. The supposed virus component was estimated to between 
6 and 16 p. c. of the total contents of solids. As furthermore, judging 
from the diagrams, a complete purification by means of differentia 
centrifugation was not feasible, it was decided to add ammonium 
sulphate precipitation to the purification procedure. 

Exveriment 21. 460 brains wore extracted, treated with other, and proci- 
pitS“ a— ium sulphate as previously described. The e^raefc o the 
precipitate was concentrated by ultrafiltration and 

r.p.m. for 1/2 hour. The supernatant was centrifuged at 22 600 r.p.m. 
for 2 hours. The precipitate from this run was resusponded m 26 ml of distilled 
water and kept in the cold for 12 hours. It was then centrifuged once more at 
11 000 r. p. m. for 1/2 hour and at 22 GOO r. p. m. for 2 hours. The final s^i- 
ment, a minute, faintly yoUow, clear peUct was resuspended in 1 ml of distiUcd 
water and analysed in the ultracontrifugo. .Mterwards it was titrated in mice. 
The titer was 10.34, corresponding to a yield of 34 p. c. 


The sedimentation diagram (fig. 12) showed the presence of three 
distinct components, which could probably be separated by means 
of centrifugation. As, however, one of these might be a high mole- 
cular globulin, an attempt was made to eliminate it by employing 
a sharpened fractionation in the initial ammonium sulphate preci- 
pitation. 


Experimeni 22. To 2500 ml of other-treated extract ammonium sulphate 
was added to 1/6 saturation. The mixture was centrifuged at 3000 r. p. m. 
The top disc was removed = fraction a. The remainder was mixed with further 
ammonium sulphate solution to make a total concentration of 1/3 saturation 
and again centrifuged. Tho second top disc = fraction h, the clear mother 
liquor = fraction c. a and b wore suspended in distilled water and centrifuged 
at 3000 r. p. m. after removal of tho ether. All fractions were titrated in mico. 
Tho result is summarized in table XIX. 


Tabic XIX. 


Fractionated precipitation with ammonium sulphate. 


Fraction 

Volume 

Titer 

Yield 

a 

210 

7.00 

21.8 p. c. 

b 

275 

8.42 

77.4 » 

c 


6.30 

0.8 » 
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The experiment showed that 1/3 saturation was sufficient for 
plete precpitation of the virus. Fractionated precipitation on tb 
other hand was not recommendable on account of the great loss nf 
activity. ° 

Experiment 23. In the next experiment 1100 brains were used. The ethw. 
treated e^ract was precipitated at 1/3 saturation of ammonium sulphate' 
the precipitate washed twice with 1/3 saturated ammonium sulphate solutioa 
and finally extracted as usual. The concentrate was fractionated 4 times in 
the centrifuge, at 11 000 r. p. m. for 1/2 hour and 22 600 for 1 hour. TheibaJ 
sediment was resuspended in 1 ml of phosphate buffer solution, pH = 8,0 
and ionic strength jx. = 0.05. 


When analysed in the ultracentrifuge this preparation showed but 
one distinct component with no traces of impurities (fig, 13). The 
sediment obtained at bigb speed centrifugation was an almost colour- 
less, clear, gelatinous pellet, easily soluble in distilled water and dilute 
salt solutions. The solution was clear with a blueish Tyndall coue. 
The whole preparation was used for determination of the diffusion 
constant, why activity test and nitrogen determination were not 
carried out. 


Ultracentrifngal analysis. 

In the analysis of the different virus preparations a study of their 
sedimentation in centrifugal fields proved to be most enlightening. 
In these studies two different methods of recording were employed. 

The so called separation cell (153) is divided by a perforated mem- 
brane into an outer and an inner compartment. After the outer, 
bottom compartment has been filled with test solution the membrane 
is covered with a thin filterpaper and finally the mner compartment 
filled as well. This simple device prevents convection between the 
inner and outer compartment when the centrifuge is stopped, an 
the contents of these can be sampled and titrated separately. / 
this means it is possible to study the sedimentation of a biobgica J 
active substance even if its concentration is far below the limits 

direct observation. , , 

For optical registration Lamm’s scale method (94:) was ime , / 
which the refractive index and consequently the concentration 
dients are directly recorded. 
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in the syndrome and have published series of operated cases in 
193/ 1939, the operations being performed respectively by 

Tengvall, Boggild, Lendorf and Kjiergjj,ard. The 9 cases previously 
published by Warburg are included in the patient material here 
presented. 

In France, pericardiectomy was performed by Hallopeau as 
early as 1910. After this, however, the operative treatment of the 
syndrome appears not to have attracted any particular interest 
until 1939, when the first operated cases with non-fatal outcome 
were reported by Santy, Bernheim, Piquet & Galy. In the same 
year, a thesis was published by Piquet on the syndrome, com- 
prising 59 operated cases gathered from the hterature. 

In the case of England the same holds true as has been said 
about France: that some very valuable contributions to the 
clinical aspects of the syndrome were given at an early juncture, 
whereas the operative treatment appears to have been slow in 
attracting a, similar interest as it met with in Germany, U. S. A. 
and the Scandinavian countries. 

Now the total number of operated cases amounts to several 
hundreds. In 1936 the total number of operated cases was reckoned 
to be 110 (an account given by Smith & Liggett in 1928 comprises 
the total of 107 cases, but undoubtedly many of these cases have 
not been clear-cut — or several of them may have been diagnosed 
erroneously — as valvular defects were present in no less than 
29 cases). Since then, the number of operated cases has been in- 
creasing markedly. In 1944 the two largest series of cases reported 
from a single clinic had grown to about half a hundred cases, and 
in addition numerous smaller series and single observations have 
been published. 

In the literature it is generally agreed that patients suffering 
from chronic constrictive pericarditis should be treated operatively, 
but such treatment should be postponed as long as the patient 
sho^vs any evidence of active infection. Still, Burwell & Blalock 
think that no particular risk is involved in operation for tuber- 
culous constriction in the presence of active proliferative tuber- 
culous pericarditis — a view that is not shared by Churchill. On 
the other hand, the operation should not be postponed too long, 
as the operative risk increases with increasing cardiac insufficiency, 
e.specially when the process of calcification appears in the peri- 
cardium. Calcification is no contraindication for the operation, 
however, and, among others, Settergren advocates a greater liber- 
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cr n- tins jmiar. We?terinann, from Schmiodon's 
. .;rs ..r.icfat .jdvc.i-ato of early operative troatJiieiu. 

vjr: )U^' y'.iti'ties the operative rciults are fairly alike, 
,i c.*;e Vi.iHiJhy of above *25 connection with the 

i'u'iu "t in the first years after, and 50 — 75 % cases of 
rr'.' cr ci'!isuierable improvement. Thus in Schmieden’s a I 
i;: iofi Westermaim found: 30. n % recovered, 28,3 % 
improved, 15.1 died during, or shortly after, the 
.'t.7 d.ied in the period of after-treatment, and 15 % 
.Iter :if:<‘r transitory improvement. Of -10 patients operated 
lb'. 07. 1 recovered, 1.3 % improved, 2.2 % died under 


,;r,;!iun, IT.-l % died in the postoperative period, and 8.' 


<5/ 
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dud i.eer on. The.'^e .statistics are es-sentially alike, as to a large 
e.’.ic-nr it is it m;ttrer of definition adio are to be designated a.s 
.Movered or considerably improved. Recovery is defined as a 
uf l-.vakh in which the patient is able without any particular 
trouble to resume his ordinary occupation. 

(\i!',ce, ruing the literature on chronic constrictive pericarditis, 
furtiti.T .mention is to be made only of various views as to the 
etiolmty of tlie le.sion. In the course of time these views have been 
ebatiging a good deal, and the (piestion is not settled yet. At an 
eariy iimcture tiie French school took the etiology to be tuber- 
culous. L.'Uer on rheumatic infection was taken to be responsible 
for the constriction of the. heart in tnost of the cases. Thus, in 
10 of their 107 cases gathered from the literature, Smith Sc 
Liggett found the liistury of rheumatic infection. But, as mentioned 
b*'fure, the iiiaterial collected by tlie.se authors includes so many 
iii.-uc.nce.s of valvular defects that it hardly may be looked upon 
a.-i ch.ar-on. Tnberculusi.s is mentioned as the second most frequent 
c.msv (20 %). 

Ihc !)!(.>re recent works fail to confirm that rheumatic infection 
i- I'.uricularly frequent in coiustriction of the heart (White, War- 
iuug). rhf earlier view of rheumatic infection being particularly 
tre-.pkuc. in thi.s lesion is due to the circumstance that no suffi- 
inutiy .'harp dwtimaion has been made between pericarditis in 
gr-a.-r.d p.v'iU'h mo-it often is of rheumatic origin) and the special 
cam !.u enunde ]>encarditis that gives the constriction of the heart; 
o) the I -.fter a rheuumtic infection Is of no etiological significance, 
g evmi gne.i .so fur as to state that a history of rheumatic in- 
iOi; .>,(soidd juitke us .sceptic about the diugnosi.s of constriction 
.be lumit. 
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Buiwcll & BIrIocJc t'ukc tiubcrculosis to be tbe most fre^^uent 
cause of chronic constrictive pericarditis, stating that 16 of their 
19 patients were suffering from tuberculous constrictive pericar- 
ditis, In most other materials the frequency of tuberculosis is 
recorded as being much lower — • about 15 Some cases have 
been of traumatic origin, and in a few cases the syndrome has 
developed after coronary occlusion. Generally, however, the view 
prevails that in most cases the etiology of the lesion is quite 
obscure. 


Patient Material. 

For further elucidation of the syndrome we have considered it 
worth while to give a survey of the patients treated for this 
lesion in the iledical Department B of the Eigshospital, Copen- 
hagen, since Warburg was appointed chief of this clinic. 

Our present patient material comprises altogether 33 cases. 
Of this total, however, 8 have been somewhat uncertain or com- 
plicated, leaving thus 25 clear-cut cases of this lesion. The accm’acy 
of the diagnosis has been established in 1 case by the highly 
typical clinical features of the syndrome. In the remaining cases 
the accuracy of the diagnosis was established not only by the 
typical clinical symptoms but also by the operative findings 
(19 cases), the roentgenographic findings (4 cases) and the autopsy 
findings (1 case). 

The distribution of the cases on the various years of the period 
here concerned is shown in Table 1. 

Table 1. 


DiMribution of the present Cases on the various Years. 


;ifl33:l931'4935 

! ! i 
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From Table 1 it will be noticed that the first 15 cases are 
distributed fairly equally over the years of 1933 — 1944, while 
in the first 2 years . after the cessation of the world war no less 
than 10 patients were admitted. 

This material is made up of 18 men and 7 women. 

The age distribution of the material is given in Table 2. 


















Table XXI contains also the total virus content of the cell 
control as xmit, calculated on the basis of the titer values. The’u 
viously mentioned deficit of activity is evident^, increasing with time 
This indicates a loss of virus with the ever closer packed sediment at 
the bottom of the cell, from where it is not easily resuspended, rather 
than through adsorption in the filter paper. It should be noticed, 
that the 45 min. value falls out of line in this series as well. 


Table XXL 

Sedimentation constants and total vims content of the cell on the 
basis of titer values from table XX. 


Centrifugation 

time 

Sedimentation 

constant 

Total virus 
content 

30 min 

151 X 

1.01 

45 0 

195 X 10'^^ 


60 » 

164 X 10“^® 

0.90 

90 » 

151 X 10“^^ 

0.80 

weighted mean 

152 X 10"^® 



The weighted mean of all four values is 152x10 

B. Oftical recording. 

A few of these experiments were carried out in the oil turbine centri- 
fuge at 21 000 r. p. m,, but in the majority of cases an electrically 
driven “equilibrium” centrifuge was used. The top speed was 18 000 
r. p. m., corresponding to a field of 18 800 g. All runs were made at 
0° C. The data were recorded and the results computed as usaal. 

All figures were corrected to + 20° C. 

In a series of preliminary runs crude suspensions of normal as we 
as infected brains were studied. The material proved to be vc^ 
inhomogeneous. Sometimes more distinct components were observe , 
but these observations usually could not be reproduced and con 
firmed, the reason for which might have been that the s^tem was 
very sensitive to small alterations of the salt concentration. 

^ In the preliminary commimication the constant was calculated to 
170 . This estimation was based on individual values ° 

runs now reported and must be considered less accurate than the fig^ 
above. 
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The first more definite result ■was obtained "with preparation II 
(experiment 19). In repeated experiments reproducible sedimentation 
diagrams ■were recorded. Pig- 9 shows one of these. The hca^vy line 
represents the concentration gradients actually recorded. The fine 
dotted line is an attempt to resolve the diagram into its constitutional 
elcmen'ts. The material thus seemed to contain four components, 
three of which were homogeneous, the fourth and major component, 
however, being largely inhomogeneous. The sedimentation constants 



Figure 9. Seditnentution diagram oC preparation II. V = virus component. 
Centrifugal field 32 000 g. Centrifugation time 40 minutes. 

of the distinct components were 820 = 81, 118, and 144 x 10 “^^. Of 
these only the latter is in the range where the virus would be expected. 
In four experiments the values 144, 151, 147, and 157, averaging 
150 X 10 ~^® were found. On account of the uncertainty in interpre- 
tation of the diagram no calculations of the concentrations were 
attempted. 

Preparation III (experiment 20) showed when analysed the pre- 
sence of two main components. The concentration was, however, 
too low for accurate observations. Through high speed centrifugation 
and resuspension the material was concentrated 5 times, after which 
the diagram in fig. 10 was obtained. Of the three main components 
one is homogeneous with a sedimentation constant Sjo = 151 x 10 ~^®, 
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the others inhomogeneous. The most distinct of these has the con- 
stant 195 X the third is still higher. Fig, 11 demonstrates the 
sedimentation of preparation V, purified in the same way as pre- 
paration III. The homogeneous component has the constant 153 x 

10“i®. 

Figure 12 contains diagrams obtained with two different prepara- 
tions. At the bottom are two exposures from the same run of pre- 
paration VII (experiment 21), showing three distinct components 
with sedimentation constants 39, 165, and 232 x 10 The top 
diagrams are the corresponding exposures of a preparation of normal 



Pigure 11. Sedimentation diagram of preparation V. F — virus cornpone 
Centrifugal field 32 000 g. Centrifugation time 17 minutes. 



Figure 12. SedimonUition diagrams of purified normal material (top) and \nrus 
containing brain (bottom). V = virus component. Centrifugal field 18 800 g. 
Centrifugation times 36 and 66 minutes. 


brains, purified in exactly the same way. Only two components are 
visible, the constants of which are 40 and 229 x T/ius material 

from infected and from normal brains had two coynponents in common, 
while the infected brain alone contained a third and very distinct one, 
the sedimentation velocity of which was of the same order of magnitude 
as that of the virus. 

Figure 13 shows the sedimentation of preparation IX (experiment 
23). In this case the substance was apparently homogeneous. No 
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traces of impurities could be detected. The sedimentation constant 
was 181x10 Unlike the previous centrifugations, in which distilled 

water was used as medium, this one was carried out in phosphate 
buffer of ionic strength p. = 0.05. When the experiment was repeated 
later, using distilled water, a sedimentation constant of 159 x 10“^® 
was obtained. Experiment 23 was, however, exceptional. In three 
more cases, when the same purification method was employed, sedi- 
mentation diagrams like figure Id were recorded. The charac- 
teristic feature was that the meniscus side of the gradient was nor- 
mal, whereas the bottom side was distiubed. In later esposures of 
the same run the inhomogeneity would often have spread completely, 



so that no gradient referable to a disturbing component could be 
discovered. The preparation would then appear homogeneous. The 
inhomogeneous substance amounted to from 20 to 50 p. c. of the 
total contents of solids. Eor reasons to be discussed later it was 
assumed that this component consisted largely of the homogeneous 
substance in aggregated state and with adhering particulate impurities. 

In the experiments now described it was found that purified and 
concentrated material from infected brains contained a substance 
that was not present in normal brains similarly treated. This sub- 
stance displayed homogeneity of sedimentation with a sedimentation 
constant approximately equal to that of the virus as determined by 
means of biological recording. It was distinguishable in all prepara 
tions with a titer above log A = 9.50. When the concentration was 
calculated from the sedimentation diagrams and compared with the 
titer of the corresponding preparation the following series was o 
tabled (table XXII). 
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Table XXII. 

Connection between concentration of virus protein and titer. 


In tho calculation of concentration tlio rofmetivo index was assumed arbit- 
rarily to bo that of proteins. 


Proparation 

Concentration of 
virus protein p.o. 

Titer 

JflD per mg 

rv 

Not distinguieboblo 

8.81 


II 

Uncertain, below 
0.010 p.c. 

0.30 

More than 2.0 X 10'® 

VI 

0.010 » 

9.70 

5.0 X 10'» 

in 

0.016 » 

10.21 

10.7 

XXI 

0.021 » 

10.25 

8.5 

V 

0.025 * 

10.24 

0.9 

VII 

0.076 » 

10.34 

3.0 


There is an unmistakeable correspondence between the two enti- 
ties. The last column contains the number of MID per mg of sub- 
stance. These figures show a variation that might appear systematic 
but is probably merely incidental. Firstly it is of the same order of 
magnitude as the standard error of titration, secondly there is appa- 
rently no connection whatsoever with purification methods employed 
or degree of purity of the preparations. It might therefore bo assumed 
that the activity is proportional to the concentration of the component 
in question. 

All those circumstances taken together strongly suggest that the 
substance noio discussed represents the virus protein itself. 

So far no attempts have been made to analyze it chemically, as 
the only apparently pure preparation obtained (prep. IX), amounting 
to a total of 0.6 mg, was used for determination of the diffusion con- 
stant. During the sedimentation studies, however, some observa- 
tions of a certain interest from a physico-chemical point of view 
have been made. 

In 7 runs on 4 different, comparatively impure preparations (less 
than 15 p. c. virus), the sedimentation constant was calculated to 
150 ±4.3 X 10 Q jjjgjjjy purif preparations (25—100 p. c. vims) 
pve m 7 runs an average of 162 ± 6.1 x IQ-^*. The difference, 12 -f- 
7.6 IS not statistically significant but indicates strongly that aggre- 

ption occurs during the purification process. We will return later 
to this question. 











As already mentioned, preparation IX had a sedimentation 
stant of 181 xio- in dilute buffer solution as compared 
10 ^ in ^stilled water. The difference is too big to be incideuta! 

The signification of this fact is not immediately obvious. It might 
be interpreted as a salt effect on the state of hydration, similar to 
that studied by Bernal and Fankuchen (14) in tobacco mosaic virus 
(cf. page 147). 

The yield of virus was surprisingly uniform. In 7 experiments it 
was 0.43, 0.83, 0.50, 1,67, 0.55, 0.21, and 0.60, averaging 0.60 y per 
mouse brain and representing from 20 to 50 p. c. of the original virus 
content. This is in close agreement with the biological experience. 
As already mentioned, the virus multiplies in the CNS until a certain 
critical level is attained. This level seems to be never exceeded but 
always reached, and appears to be a cbaracteristic of the strain of 
virus. 


II. Human neuroviras. 

The scarcity of monkeys made it impossible to control in detail 
the applicability on the human virus of the experience gained in 
the purification experiments of the preceding section. It was there- 
fore decided to apply the final method of purification to human ma- 
terial and to study the preparations in the ultracentrifuge, in order 
to ascertain, whether or not any components comparable to the 
mouse virus protein could be obtained. 

The preparation of extracts, treatment with ether, precipitation with am- 
monium sulphate (40 p. c. saturation), and xiltrafiltration was carried out as 
previously described. The concentrate was fractionated twice in the Beams 
centrifuge (run up-and-down to 16 000 r. p. m. and 70 minutes at 27 000 r. 
p. m.). The final sediment was resuspended in 1 ml of distilled water. 

In a preliminary experiment a normal control from two brains and 
spinal cords was prepared. When analysed in the ultracentrifuge 
proved to contain one single, comparatively homogeneous component, 
the sedimentation constant of which was about 60 x 10 

Next a material consisting of brains and spinal cords from two ^ 
cases of poliomyelitis was purified (preparation XXX). In the ultra- 
centrifuge the normal component was observed and besides that 
traces of a faster sedimenting substance. The sedimentation con 
stant of the latter was probably below 200 x lO”^® but could not be 
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determined with, any degree of accuracy on account of the low con- 
centration. 0.05 ml of this material was inoculated intracerebrally 
to a Cynomolgus monkey, MC 1. The temperature chart of this ani- 
mal is shown in fig. 15. A rise in temperature occured on the 9th day 
after inoculation, followed by a collapse-like fall on the 12th day. 
On the 11th day the first motor symptoms were evident, consisting 
of paresis of the left arm. On the 12th day complete paralysis of the 
left arm and the right leg, prostration. The animal was sacrificed. 
No gross lesions were found at autopsy. Sections of pons and spinal 
cord showed typical lesions (Plate II). It was thus obvious that 


Przp.UK Monkey MCI 



Figure 15. Temperature chart of monkey MC 1. | time of inoculation. I onset 
of paralysis. ={= animal sacrificed. 


preparation XXX contained virus, although the concentration was 
too low for optical recording. Titration of the activity was unfor- 
tunately out of question. 

Finally a pool of material from 11 cases was pmified. This time 
the pedunculi cerebri et cerebelli were cut through and cerebrum 
and cerebellum discarded. The remainder midbrain, pons and 
medulla oblongata et spinalis — amounted to about 5 p. c, of the 
total CNS, while its virus content can be estimated to about 90 p. c. 
of the total. By this operation, therefore, a substantial simplification 
of the purification procedure should be attained without any con- 
siderable loss of virus. The final preparation (XLVII) was faintly 
yellowish red in colour like the two preceding ones, but appeared in 
contrast to these to be inhomogeneous. On high speed centrifugation 
a small amount of an oily sediment was deposited, as in the earlier 
preparations, but in addition a minute, clear, gelatinous pellet was 
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present, of the same general appearance as the preparations of t,l,« 
mouse virus. The sedimentation diagram showed the presence of 
the normal component, and furthermore two additional homogeneous 
components in low concentration were distinguishable (fig. 16). The 
sedimentation constants of these were about 100xl0~^® and 150 x 
10 . The latter value is of the same order of magnitude astiatof 




Figiire 16. Sedimentation diagram of preparation XL VII, human poliomye- 
litis. F = virus component. Centrifugal field 18 800 g. Centrifugation times 

12 and 72 minutes. 

the mouse virus. Activity tests on preparation, XLVII could not 
be performed. 

The results of these experiments on the human neurovirus were 
less conclusive than those on the mouse virus. Firstly activity tests 
could not be carried out to the desirable extent, secondly insufficient 
amormts of material were prepared. Thus it has not been ascertained, 
whether one or both of the additional components in the last expen 
ment are not normal constituents of the spinal cord, as the contro 
was not directly comparable to this preparation. It might, however, 
be assumed that the component, which was traced in preparation 



113 


YXX but absent in the control, is identical with the fastest sedimen- 
ting substance in preparation XLVII, and that the presence of this 
substance is referable to the fact that the preparations were derived 
from infected material. As one of the preparations was shown to be 
active, it must be considered plausible to assume that the activity 
is connected with the component in question. At least a fraction of 
the virus, therefore, seems to have a sedimentation constant of 
about 150 X lO”^®, i.e. within the limits of the experiment the same 
as that of the mouse virus. The question whether or not the middle 
component of preparation XLVII has any connection with the acti- 
vity can not be settled at present. 


8 — 43200 . S. Gard. 



CHAPTER VI. 


Purificalion of intcslinal \7rus. 


With the rjccrplion of the experimenta hy the present writer nlrcady men- 
tioned (-IG). no Attempts to purify \-{niB from etools or intestinal contents 
have been reported. 

Tlio genorn! procedure ndopted in the following c.vpcriment3 was 
n direct Application of the c.tpcricncc from the purification of neu* 
roviru.s. It was in detni! ns follows. 

The mnterial wn-s susiwnded in n suitable volume of 0.3 p. c, saline solution 
and shaken with gla-xs bc.ids in n shaking machine for 2 — 4 hours. Further 
diluent was then added and the raasB extracted under mechanical stirring for 
8 hours. It WM then left to settle in the cold room over night. The volume of 
fluid tiddcd was chosen so a-s to let the sediment amount to 10 — 15 p. c. of the 
total. The supernatant was siphoned off and pa-ssed twice through the separator. 
Tlie cl.arificd extract was mixed with 2/3 by volume of saturated nmmonino 
Kulphato solution nnd I/IO by volume of ether, thoroughly shaken and left to 
settle in a separatory flask. v\ftcr 4 — S hours the dear bottom layer was draw 
off nnd the top layer resuspended in 3 times its volume of distilled water with 
an CXCCS 3 of ether. .After 12 hours in the cold room the extract was collected 
nnd the lop layer extracted further 2 or 3 times. The pooled extracts were 
cl.arificd in tlie separator nnd conccntmteel through ultrafiltration. The con- 
centrate, u-sually dark brown, turbid, and viscous, was run in tho preparatorr 
centrifuge at 27 000 r. p. ni. for 00 minutes. Tho sopemntant was discarded 
and the sediment allowed to swell in distilled water for at least 2 hours, h 
avas then resuspended to the original volume in distilled water and 
nnd'down to 10 000 r, p. rn. Tiro second supernatant was further fractionat 
in tho centrifuge, altematingly at 27 000 r. p. m. for 70 minutes and np-sn 
down to 10 000 r. p. ni. 

Host of the following work was done on material of human origia- 
In order to avoid unnecessary reiterations these experiments wi i 
therefore, be described first. 
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I. Experiments on human stools. 

Differetitial centrifugation. 

A pool of 6 samples from cases of poliomyelitis was prepared as 
described above. The purified extract was brown in colour, almost 
clear but with a strong Tyndall cone. On centrifugation at 27 000 
r. p. m. for 70 minutes a brown translucent gelatinous pellet was 
deposited. This pellet was stratified in structure, probably an indi- 
cation of inhomogeneity. It was soluble in distilled water, more 
easily after swelling in a small volume of water for 1 or 2 hours. 
When analysed in the ultracentrifuge it showed the presence of three 
main components with sedimentation constants 14-7, 210, and 
276 X 10“*®. The solution = preparation c was subjected to further 
purification as follows. 

The volume was made up with distilled water to 100 ml, giving a very faint 
colour but a distinct Tyndall phenomenon. The solution was run np-and-down 
to 22 000 r. p. m. The supernatant was coUoctod, the sediment rcdissolvcd in 
100 ml of distilled water and again run up-and-down to 22 000 r. p. m. Tho 
procedure was repeated until tho supernatant was free of slower sedimenting 
material, in all 6 times. Tho final sediment was redissolved in distilled water 
= fraction y. 

The pooled supernatants were concentrated through ultrafiltration to a 
volume of 100 ml = preparation h, and fractionated in tho centrifuge in prin- 
cipally the same way as before, only being run up-and-down to 27 000 r. p. m. 
instead of 22 000. More than 20 runs were necessary to make tho soparation 
complete. Tho final sediment was rcdissolvcd in distilled water = fraction (3. 

The second pooled supernatants were again concentrated through ultra - 
filtration to a volume of 100 ml = preparation a. Tho solution was centri- 
fuged at 27 000 r. p. m. for 26 minutes. As a complete sedimentation of the 
material seemed to occim no further fractionation was attempted. Tho sedi- 
ment was redissolved in distilled water = fraction a. In each step of this frac- 
tionation procedure the centrifugal effect applied was approximately twice 
that of the preceding one. 

Thus preparation c contained fractions a, p, and y, preparation 
b fractions a and p, and preparation a only fraction a. Of each solu- 
tion 0.5 ml amounts had been inoculated intracerebrally into mon- 
keys. All three animals came down with typical poliomyelitis. Their 
temperature charts are shown in fig. 17 and micrographs of sec- 
tions from the CNS in plate II. 
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Prep.JM c Monkey MR 5 



Prep.JM. b Monkey MR 6 
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Mesus monkey MB 5, preparation c: Rise in tomporaturo on tbo 9th day, 
Paresis of loft arm on the 10th day. On the 12th day tomporaturo was back 
to normal, the paresis slightly more pronounced but no further motor symp- 
toms hod appeared. 

Bhesus monkey MB G, preparation 6: Rise in tomporaturo on the 11th day, 
reaching a peak on the I2th and 13th day, back to normal on the 14th day, 
■when paresis of the hind quarter -was observed. On the 15th day comploto 
paralysis of legs, paresis of loft arm. General condition good. ICth day no 
further development of symptoms. 

Bhesus monkey MB 8, preparation a: Rise in tomporaturo on the 14th day. 
Remission to normal on the morning of tho 16th day, paresis of right log. Now 
rise in tomporaturo in tho afternoon, culminating on tho following evening, 
when comploto paralysis of hind quarter and paresis of loft arm were observed. 
On tho morning of tho 17th day tomporaturo below normal. Animal prostrated. 

Preparation c had a total volume of 12 ml, h and a 100 ml, as 
already mentioned. Monkey MR 5 therefore received an amount 
of fractions a and p about ten times that administered to hlB 6. 
The amounts of fraction a, given to MR 6 and MR 8 were approxima- 
tely equal. The fecal specimens were collected on October 14. Pre- 
paration c was ready for inoculation on November 8, preparation 
b on November 29, and preparation a not until January 28, 31/2 
months after the start of the experiment. 

A gradual increase of the incubation period was evident. On the 
other hand the clinical course of the experimental disease was grad- 
ually aggravated. When all circumstances are taken into consider- 
ation, the assumption that the activity had priympally fdllmocd frac- 
tion a seems best to meet with the facts. 

The three fractions were very similar in appearance. They all 
formed brown, translucent pellets. The colour of y vras deep brown, 
a and p were of a somewhat lighter shade, a seemed to be more easily 
soluble than the others. The solutions were clear with a pronounced 
Tyndall phenomenon. When observed in the dark field (magnifi- 
cation 600 X ) Y contained a mass of particles, just about visible, 
often in larger aggregates, whereas no structures whatsoever could 
be detected in solutions of a and p. 

The solutions (in distilled water) were analysed in the ultracentri- 
fuge. Each fraction consisted of one single component. The sediment- 
ation constants were: a = 42, p = 79, and y = 309 x The 

diagrams of a and p indicated that their sedimentation velocity 
was dependent upon their concentration. In a number of experiments 



118 


tliis dependence was studied. The result is summarked in the diagiam 
in fig. 18, sedimentation constant on the ordinate, and concentration 
on the abscissa. The two curves, not referring to absolute concentra- 
tions, are comparable only concerning their general shape. Dry 
weight determinations were not carried out and calculations of the 
concentration from the sedimentation diagrams were at least un- 
certain, since the nature of the substances and their refractive 



Figvire 18. Sedimont-ation volocity-concontration curves of the a- eod P- 

component of human stools. 

indices were unknown. From fig. 18 it is evident, that imder certain 
conditions separation of a mixture through centrifugation might be 
impossible, and that the two components might sometimes be made 
to change places in the sedimentation diagram by adjustment o 
the concentration. If, however, the mixture is diluted above a certam 
limit tbe difference in the rates of sedimentation can always e 
brought to an amount that makes separation although laborious ye 
possible. Hence tbe dilution to 100 ml in the above separation pm 
cedure, ^ . 

For many substances showing variation of sedimentation ve oci 
with concentration the following formula is approximate y va 



where and Sq denote the sedimentation constants at the con- 
centrations c and 0, and Z: is a constant. In those cases s plotted 
against c. s will give a straight line. The use of the latter method 
of plotting often simplifies extrapolation of the value of Sq. As the 
oc component seemed to follow this formula, the ultimate value of 
its sedimentation constant for the concentration 0 could he estimated 
to about 165 X 10“^®. On the ^ component on the other hand the 
formula was not applicable, and in estimating the upper limit of the 
sedimentation constant great caution was necessary. The value was 
probably above 300 x 10~”^®. 

Effect of sodium chloride. 

The presence of small amounts of salt had a very marked effect 
on the sedimentation. The y component seemed to bo practically 
insoluble even in 0.01 m sodium chloride solution and could easily 
be disposed of through centrifugation at 3000 r. p. m. (3 appeared 
more homogeneous in salt solutions than in distilled water (fig. 19). 
The rate of sedimentation was higher and less dependent upon the 
concentration. The upper limit appeared to be about 280 x 10~^®. 
The salt effect on the « component was somewhat less pronounced. 
The upper limit of Sjo was probably about 220 x 10~^®, and values 
below 100 X lO"*® were exceptional. 

It was observed that the pellets deposited at high speed centri- 
fugation from saline solutions were smaller in volume than those 
obtained from the same preparation in distilled water. They were 
also less readily soluble. It was probable, therefore, that the salt 
effect consisted mainly of a dehydration of the substances. As a 
hint that very high degrees of hydration sometimes were attained, 
the occurrence of sedimentation velocity curves of the type shown 
in fig. 20 was considered. The gradually decreasing rate of sedi- 
mentation was very conspicuous. Such curves were observed only 
when distilled water was used as solvent, and most often only the 
P component was involved. On some occasions though, as in the 
example quoted, pure a solutions showed this phenomenon as well. 
This is the type of curve one would expect in a gel, where most of 
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Figure 19. Sedimentation, diagram of the same preparation in 0.05 m sedimi 
chloride (top) and distilled water (bottom). The p-component inhomogeneons 
in absence of salt. Centrifugal field 18 800 g. Centrifugation times 41 and 12( 

minutes. 


Figtire 20. Gellike sedimentation of the a-component in distilled wa 
Kate of sedimentation gradually decreasing. 
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the water is fixed. The sedimentation would, in fact, be expected 
to meet with an increasing resistance, as the force necessary for 
dehydration increases with the amount of water pressed out of the 
gel. The sedimentation of gels, however, is not yet sufficiently studied, 
so the interpretation of the phenomenon now described remains 
undecided. 

In solutions, containing more than one component, conditions 
were sometimes very complicated. As an illustration fig. 21 shows 




Figure 21. Sedimeutetion diagrams of tho same preparation in distilled 
water (top) and 0.06 to sodium chloride (bottom). Centrifugal field 18 800 g. 
Contrifugotion times 100 and 72 minutes. 


two sedimentation diagrams of the same preparation. In distilled 
water the a component sediments faster, in 0,3 p. c. NaCl solution the 
P component. Still other irregularities seemed to be caused by the 
presence of further impurities. On the whole it was found impossible 
to identify the components of a preparation by sedimentation ana- 
lysis alone, and the hope that this procedure might be available for 
diagnostic purposes had to be abandoned. 

The presence of small amounts of sodium chloride seemed, however, 
in a way to stabilize the conditions of the solution and make the state 
of the system more well-defined. It should therefore be preferable 
to carry out the differential centrifugations using a saline solution 
as solvent. The standard diluent, 0.3 p. c. NaCI solution, was tried 
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for this purpose and found to yield quicker results. A complete se- 
paration of a and ji "was usually attained after 5 or 6 fractionations. 

Solutions of the pure a component, obtained according to tins 
method, gave sedimentation diagrams like fig. 22 showing a distuit- 
ance of the sedimentation boundary of the same type as that observed 
in neurovirus (cf. fig. 14). This disturbance could not be eliminated 
by differential centrifugation regardless of the number of fractiona- 
tions applied to the material. 



SC “-diSrotSatS” « " 


Treatment with dilute ammonium sulfhaie solviions. 


In a aeries of experiments mixtures of a ^“^ty for separa- 

eerin solutions. The idea was to use eren ^x-oeriment. The constants 
«„n Table XXffl Tto«pe^- 

tabulated are not corrected to the density sedimentation was 

ment showed that no measurable divergence of 

.ttamed by tto de».ity of «"> .b.v. 1.01, 

approximate specific gravity of dU p. c. giyce 


For the same purpose 

In these experiments it was observed that 3 ^ 5 ,,^ tie 

of solutions of the a component were moditie . 
same preparation when sedimenting in a i n e p 
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Table XXIII. 

Sedimentation velocities in glycerin solutions. 


Solvent 

X 10” 


167 

197 


115 

155 


65 

94 

» -hSOp. c, » 

51 

70 



Figure 23. Sedimentation diagrams of the a-componont in 0.05 m sodium 
chloride (top) and 0.2 m ammonium sulphate (bottom). Centrifugal field 
18 800 g. Centrifugation times 32 minutes. 

solution ji = 0.01 (top) and in 0.2 m ammonium sulphate (bottom). 
Compared with the control, the bottom diagram showed a higher 
degree of polydispersity and the disturbance of the gradient was 
most pronounced on the meniscus side instead of the bottom side. 
A similar alteration was not observed in 0.2 m NaCI solution or in 
glycerin medium, neither did it occur in solutions of the (3 component. 
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As an attempt to explain this observation it was assumea tuat 
the disturbance of the gradient was due to low molecular Wife 
firmly adsorbed on the conjectured virus protein. The ammoniM 
sulphate solution should act as an eluent. The free low molecular 
material would sediment slower, causing a disturbance of the meniscus 
side of the gradient, while the virus protein, deprived of its protecting 
coating would be liable to aggregate with polydispersity as con- 
sequence. 

If this interpretation were correct it should be possible to improve 
the purity of the material by treatment with ammonium sulpliate 
solutions of a suitable concentration. The elution of the impurities 
could be expected to be a reversible process, so they should he re- 
moved, while the salt concentration was maintained at the most 
favourable level. To judge from the diagrams, differential centri- 
fugation did not appear to be an ideal method for separation. Insteacl 
of that etherization was tried. 

To 45 ml of purified a solution 6 ml of saturated ammonium sulphate solu- 
tion and 10 ml of ether were added, the mixture vigorously shaken in a separa- 
tory funnel and left to separate. Beneath the ethereal layer a distinct btom 
pellicle had formed. The aqueous bottom layer was drawn off and, after removal 
of the ether, fractionated in the centrifuge. Hereby a further amount of inso- 
luble material could be removed through low speed centrifugation. 

The final preparation was almost colourless with a distinct hloisli 
Tyndall cone. When analysed in the uitracentrifuge, it appeared to 
be more polydisperse than the original preparation, although tte 
previous disturbance of the gradient was not distinguishable (cf. 
fig. 24). 

Occurrence of the a component. 

In October 1941 the first series comprising a total of 42 specimeas 
from 6 cases of poliomyelitis was examined. The material 
collected at intervals of 2 or 3 days and pooled as indicated in tab e 
XXIV. The average time between onset of symptoms and the 
collection of the specimens included in the different pools vane 
from 12 to 29 days. Each pool was prepared separately. From a 
of them the a component could be isolated. The yield was rong 
proportionate to the number of specimens included. There w 
definitely no decrease in amoimt with increasing length o tim 
between onset of the disease and the date of the specimens. 
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Tabic XXIV. 


Preparation of stool specimens from cases of poliomyelitis. 


Patient 

B.K. 

o.w. 

W.B. 

I. B. 

I.M. 

B. W. 

Pool 

Avorngo 
time after 
onset 

Onset of disoaBC 

26. IX 

1 .x 

l.X 



8.x 

No. 


+ 

+ 



+ 

-b 

XXII 

12 days 

16 .x 

+ 

+ 

+ 

4" 

+ 


XXIII 

14 » 

18 .x 

4* 

+ 

+ 

+ 


+ 

XXIV 

10 * 

20. X 

-f 


+ 

4- 

+ 

+ 

XXV 

18 » 

22. X 

+ 

+ 

+ 


+ 

4* 

XXVI 


24.x 

+ 

+ 

4* 

4* 

d' 

4* 

XXVII 

o«> j 

26. X 

+ 

4* 

4* 


+ 

+ 

XXVIII 

24 » 

29. X 

2. XI 

■ 

■ 

■ 

+ 

+ 

■ 

■ 

XXIX 

20 days 


In a following series a total of 16 specimens were prepared indi- 
vidually. Of these 6 were collected within one week, 4 in the second 
week, 2 in the third week, one 3 months, one 41/2 months, one 
6 months, and one 17 years after onset of the disease. All specimens 
contained the a component in appro.vimately the same amount, 
0.1 — 1 mg per specimen. 

Finally 106 specimens from 27 different patients were examined, 
partly in pools of 2 6 specimens. The a component was consistently 
recovered. The yield varied with the amount of solids present in 
the specimen. It could be estimated to approximately 0.5 mg per 
100 g of feces. 

A series of controls included 12 specimens from healthy contacts, 
2 from obscure lethal cases of polyneuritis, one from a case of acute 
encephalitis and 19 from miscellaneous cases such as neurosis, poly- 
artWtis, diabetes, vitium cordis etc. 14 specimens were collected 
in February and March, when no cases of poliomyelitis had occurred 
withm three months before, and the remainder in September during 
a small epidemic of poliomyelitis. From all of them a substance 
with the characteristics of the a component was recovered to an 
amount comparable to that obtained from cases of poUomyelitis. 


>h 
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The experiments reported in this section had shown that a certain 
substance, here called the a component, characterized by its pre 
cipitability with ammonium sulphate and its behaviour in a cento- 
fugal .field, is regularly present in human stools. As far as these 
experiments go it shows a striking resemblance to the presumed 
neurovirus protein found in brain and spinal cord from cases of 
murine as well as human poliomyelitis. Although activity tests 
could not be performed to the desired extent, suggestive evidence 
has been presented that in the process of purification most of the 
original amount of virus, present in active specimens, is to he found 
in the same fraction as the a component. In such active prepara- 
tions no further component has been detected that could account 
for the difference between active and inactive specimens. 


II. Experiments on mouse feces. 


The material was collected as described in chapter II. Batches 
of about 100 g were prepared at a time. The general procedure of 
purification outlined in the preceding section was strictly followed. 

The preparations thus obtained closely resembled those from human 
stools. On high speed centrifugation they deposited yellowish brown, 
gelatinous pellets. The solutions were light brown and clear, with 
a Tyndall cone. In centrifugal analysis usually only one component 
was observed. From a physico-chemical point of view this substance 
was identical with the a component of human stools. The dependence 
of the rate of sedimentation upon the concentration was of the same 
order of magnitude. The upper limit of the sedimentation constant 
was about 160 x in distilled water, 190-200 x 10 “'® in 0.3 


p. c. sodium chloride solution. 

Sometimes a second component was present but always in com 
paratively small quantities. It was very sensitive to the presence 
of salt and therefore more like the y than the P component. 

The sedimentation diagrams of the main component showed a 
certain disturbance of tbe bottom side of the gradient, althOTg 
as a rule to a less extent than the corresponding preparations ® 
human stools. Through treatment with 10 p. c. ammonium ® 
and ether a small amount of impurities could be removed. A se i 
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mentation diagram o! a preparation subjected to such additional 

purification was presented in fig. 24. 

The material originated partly from young mice, 5-8 weeks of 
age, partly from 12—18 months old animals. These two types of 
preparations showed no differences with regard to physico-chemical 
properties or yield. The amount of the substance excreted was 
estimated to about 0.01 mg per mouse and day. 



Figure 24. Sedimentation diag^ms of mouso intestinal protein, allowing 
polydisporsity. Centrifugal field 18 800 g. Centrifugation times 20, 30, 60, 

and 90 minutes. 


Activity tests. 

The strains of virus that can be isolated from the intestines of 
normal mice are usually of a very moderate vinilence. In chapter 
III it was pointed out that titration of less virulent strains met 
with considerable difficulties. The incubation time method is not 
applicable. The variation of individual resistance plays an important 
part in a titration experiment, making the series irregular and the 
evaluation of the result hazardous. 

A phenomenon called interference was reported now and again 
by workers in the virus field. It was observed that aviruicnt strains 
of certain viruses, when inoculated simultaneously with highly 
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Tirulent strains of the same virus, modified the course of the ensuing 
disease or sometimes inhibited it completely. Interference is usually 
interpreted as a competition for the susceptible ceUs, tliis interpreta- 
tion being based upon the assumption, that a cell once invaded 
by a virus particle is refractory to superinfection by the same virus. 
Jungeblut and Sanders (78) have reported experiments with a murine 
strain of poliomyelitis virus supposed to interfere with simian strains. 
Similar observations have been made by the present author (unpub- 
lished data) on intestinal strains of the mouse poliomyelitis wrus 
and the FA strain. The experiments in question were carried out 
with impure neurovirus. It was decided to extend this investigation 
to purified preparations in an attempt to use the degree of interference 
as a measure of the concentration of the interfering virus, 

Ex'perime.nt 24. In this experiment a purified preparation of feces from young 
animals was used (preparation XXXVI), It was diluted to 1: 50 and Itom 
this standard solution a series of lOfoId dilutions was prepared. An extraoi 
of infected brains (strain FA) was similarly diluted, starting with 1: 500 (brain 
wet weight). The dilutions of the feces preparation were mixed with equal 
volumes of each one of the FA dilutions. Four dilutions of each solution were 
used making a total of 16 mixtures. Each mixture was inoculated intracere- 
brally in 0.02 ml amounts to groups of 20 mice. Control titrations of each one 
of the two solutions were also included. The activity of each mixture was cal- 
culated from the incubation time in the usual way and compared with that of 
the control containing the same concentration of strain FA. The differences 
= log A — log Aq are tabulated in table XXV. 

Table XXV. 

Effect upon the activity of the FA strain by addition of purified 


intestinal virus. 

For explanation of the table see text. 


Concentration 
of PA 

Concentration of preparation XXXVI 

10"^ 

10"® 

10"^ 

10"® 

10“® 

+ 0.65 

-f 0.33 

— 0.36 

4-0.07 

10“^ 

-f 1.64 

-}- 0.02 

4- 0.04 

4- 0.18 

10"^ 

+ 2.33 

■E9QQ9I 

-f 0.16 


lO"® 

+ 3.26 


-f 1.07 n 



This table is divided into two sections by a heavy line. The values 
to the right of the line of division axe not significantly dineren 
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cases was tlie esantlieiiia immediately preceded by an acute in- 
fectious disaese, in both cases an angina. 

In a couple of cases E. m. appeared as a link in a chain of tuber-, 
culous manifestations. Example: A 20-year-old woman had first 
a tuberculous anal abscess, 8 months later erythema nodosum, 
6 months after this a recurrence of the anal abscess, at the same 
time E. multiforme with some few E. nodosum nodules, pulmonary 
infiltration and vesiculous tuberculin reaction. Three years later 
fully developed cavernous phthisis. 

There is reason to devote particular attention to the result of the 
tuberculin test in cases of E. multiforme. Occasionally there may 
be seen already in the first 21 hours typical E. multiforme ef- 
florescences around the Pirquet scratch, with papules and ves- 
icles. It is important to bear in mind that this does not necessarily 
imply a positive, specific reaction, since this phenomenon may 
also appear in cases where subsequent careful control tests with 
tuberculin yield negative results. The same typical efflorescences 
may .be seen around a control scratch made without use of tu- 
berculin. Sometimes a large bulla is found around the Pirquet. 
scrath, and I have also seen bleeding therein in case of a tuberculin- 
negative patient vdth hemorrhagic E. m. Sure conclusions can in 
such cases be drawn from the tuberculin test only after the erup- 
tion has disappeared. 

On rare occasions we find in patients vdth E. m. a generally in- 
creased cutaneous sensitivity, which finds expression in positive 
reaction to a number of specific and unspecific products, as Owren, 
for example, has shown in a case from Medical Dept. A of the 
Eikshospital. Such cases seem to represent exceptions. Eotnes in 
several of his cases made investigations as to the reaction to 
NaCl, milk, broth, serum, staphylococcal and streptococcal emul- 
sions, trichophytin, and found no general increase in cutaneous 
sensitivity. Likewise Lofgren’s results indicate that in the great 
majority of cases the reactions to tuberculin or to streptococcal 
emulsion are specific, and I have come to the same result in a 
large number of cases. Great cutaneous sensitivity is stated to be 
characteristic of Behcet's syndrome. According to T. Jensen,, 
however, the sensitivity here differs somewhat from that mentioned 
above, seeing that there comes a pustule 24 hours after puncture 
with a needle in skin or mucous membrane, while no reaction is 
obtained by scarification of the epidermis. H. Rygh found no pro- 
nounced cutaneous sensitivity in his case of Behcet’s syndrome. 
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III. Experiments on further animal species. 

Since it had been found that a substance, by the available inetliods 
of analysis undistinguishable from the a component of human stools 
also seemed to be a normal constituent of mouse feces, it became neces- 
sary to include into this study other species of animals as well, Tte 
preparation of the specimens was carried out exactly in the same 
way as before. 

Guinea 'pig. 

Minute amounts of substance were obtained, giving a greenish 
solution, faintly opalescent. In centrifugal analysis only slow se- 
dimenting utterly inhomogeneous material was detected.. No distinct 
components whatsoever were observed. 

White rat. 

When the preparation was carried out in distilled water com- 
paratively large quantities of slow sedimenting inhomogeneous 
material were obtained. Most of this was insoluble in dilute sodium 
chloride solution. No distinct components could be detected' in the 
ultracentrifuge. 

Sxoine. 

The intestinal contents of 3 pigs, a total of about 10 liters, were 
collected at slaughter, and pmified as usual. The final preparation 
consisted of about 1 mg of a homogeneous substance, resembling 
the a component ■with regard to sedimentation properties. Before 
definite conclusions be drawn, however, further studies are necessary. 


Wild brown ral {Mus decumanus). 

Wild rats were trapped on a garbage dump and caged. Then 
feces were collected and prepared in the usual way. The puribe 
preparations contained consistently two homogeneous compoimn 
in large amounts. One of those seemed to be identical with tea 
component. The other had a lower rate of sedimentation and was 
only moderately sensitive to dilute salt solution. At repeated ac 
tionation in the centrifuge it seemed to aggregate gradua y an 
could be removed by and by through low speed centrifuga wb 
A fter reprecipitation with ammonium sulphate (40 p. c. satura w® 
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was a case of Boeck's sarcoid. I have not found any record of 
the occurrence of E. inultiforme in connection with that disease. 
Othorwi.se I may refer to another publication on this subject 
(Lstvedt; Further Observations concerning Bilateral Hilar Ad- 
enitis). 

Thus we find tliat E. multiforme in the cases where tender 
nodules on tlio legs are to be found at the same time can probably 
be placed on a line with E. nodosum with respect to the importance 
oi tuberculu.s primary infection as etiological factor. Further it is 
clear that aho the unmixed E. multiformc without such E. nodosum 
effloro.se euces is sometimes, although far more seldom, due to 
tuberculous primary infection. On the other hand, it is doubtful 
wlieihm' tuberculosis plays any part whatever as causal factor in 
c.a.sos with m.anifo.stations from mucous membranes. An exception 
is here representetl by the cases with episclcyitis, which seem to 
stand in the same position as cases of combined E. m. and E. n. 
Where tlic e.xanthema is of bullous type the possibility of tuber- 
culou.s etiology is evidoath'' very small. 

In this connection 1 may call to mind the difference which in 
the introductory description of the clinical picture was .shown to 
exist between Jitho mucous membrane group>> and ))the combina- 
tion group) (E. m. -r E. n.). In the former group there was a 
certain preponderance of male patients, while in the latter 95 
per cent were females, as in pure E. nodosum. The tendency to 
rccmrence is mainly to be seen in the first group. On the other 
hand, the cases with combined E. m. and E. Ji. far more frequently 
presented prodromes in the form of dysphagia and joint-pains, 
such as are also seen in E. nodosum. Likewise the high values 
found for the sedimentation rate were to a certain degree charac- 
teristic of this group. 

As regards the pure E. multiforme without mucous membrane 
.symptoms and without E. nodosum efflorescences, which seems 
in every re.spect to occupy an intermediate position between the 
other two groups, it is not unreasonable to suppose that we have 
here to do partly with cases that are of the same kind as tlie 
combination cases, which is evidenced by, inter alia, their associ- 
ation with tuberculous primary infection, partly with cases of the 
.same nature as the mucous membrane cases, as is indicated by, 
for instance, the appearance of bullous c.xanthema and tendency 

lij — tS2n 'i. Acta vied, scandinav. Vol. CXXXl . 



132 


man, white mice, and wild brown rats. A substance of presumaH. 
the same land was also found in intestinal contents from svob 
whereas no similar constituent was recovered from guineapigs m 
from wMte rats. Judging from the present limited experience, W- 
fore, this substance is not common to all species of animals. 

With regard to sedimentation the a component resembled closely 
the neurovirus protein. It was, therefore, quite natural that material 
derived from virus containing specimens seemed to have retained 
most of the viral activity originally present. When analysed in tie 
ultracentrifuge, however, the active preparations differed in no way 
from the inactive ones. Thus, no component was detected, which 
the viral activity could be referred to in particular. 

When purified intestinal virus from mice was added to the viralent 
I?A strain and inoculated intracerebrally, no interference phenomenon 
appeared. The addition of intestinal virus enhanced the effect just 
as would an additional amotmt of the encephalitogenic strain itself. 
The a component from non-infective mouse feces, in itself inactive 
even when injected in large quantities, had a similar although some- 
what leas pronounced effect when inoculated together with a virulent 
strain of virus. In one experiment a 50-fold increase in titer was 
observed. 

As to the mechanism of this activation no conclusive evidence 
is available. An analogy to the spreading factor of Duian-Eeynals 
(31) was considered. In. a few experiments testis extracts were tested 
with negative result. Furthermore extracts of liver, spleen and 
kidney were examined. All of these had a slight although sigmhcant 
inhibitory effect, probably due to their content of serum. It is 
possible that an agent acting as spreading factor in nervous tissue 
should be expected to possess lipolytic rather than mucolytic pro 
perties. So far no experiments to. that effect have been perfonne . 
The result of experiment 27 on rats gives a hint that the explanation 
of the phenomenon might be something in line with this suggestion. 

At any rate the presence in feces of a substance capable o en 
hancing the activity of poliomyelitis virus, together with 
servation that infected nervous tissue contains an inhibitory ac 
(chapter V, page 97), explains satisfactorily the ease wit w m 
virus can be recovered from feces, and the difficulties to esta 
the strains in intracerebral passages. 

- ^ The problem will be reviewed later from another aspect. Cf. p S 
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Further studies on purified material, 

I. Physico-chemical studies. 

Diffusion experiments. 

From the filtration endpoint determinations the size of the virus 
of poliomyelitis was estimated to 10 — 16 mp,, or approximately the 
same as that of foot and mouth disease. Janssen (75) had found 
in centrifugation experiments with the latter virus a component 
with the sedimentation constant Sj^ = 20 x 10“^®, interpreted by 
him as the virus protein.^ 

The sedimentation velocities recorded for the poliomyelitis virus 
were unexpectedly of a different order of magnitude. It was there- 
fore essential to corroborate these findings by determination of the 
size and shape of the virus particles, based upon the sedimentation 
data. To this end diffusion experiments were carried out. 

The technique employed was that described by Lamm (94). All 
experiments were carried out at 0° C and the figures corrected to 
+ 20° C as usual. All preparations examined gave diffusion diagrams 
more or less of the type to be expected from polydisperse or inhomo- 
geneous material. The constants calculated are, therefore, mean 
values the extreme limits being about + 10 p. c. The following values 
were obtained (table XXVII). 

For computation of the molecular weight the specific volume of 
the substance must be known. Proteins usually have a specific 
volume of about 0.76. For tobacco mosaic virus it was determined 
by Eriksson-Quensel and Svedberg to 0,646 (36).2 This has not been 
confirmed by later workers. Values of about 0.77 have been recorded 

» These experiments were carried out at. the Institute of Physical Che* 
mistry, Uppsala. 

The VITUS preparation available for these experiments was largely in- 
homogeneous. The possibility of a partial denaturation must be kept in mind. 
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Table XXVIL 

V 

Diffusion constants. 


Prop. IX, murino nourovirua 

» XXVIII, intestinal material from cases of poliomyelitis 

» XXXVI, intestinal virus from mice 

» XXXIV. intestinal material from brown rats 


Pjo X 10’ 

0.32 
0.12 
0.11 
0.11 


by Bawden and Pirie (8) and by Stanley (143), and similar figure 
have been found for tomato bushy stunt (103), potato X (99), aiu 
tobacco necrosis virus (122). The plant viruses, therefore, seem t( 
have the specific gravity of the proteins. — The animal viruses ar 
not equally -well examined in this respect. The large viruses seen 
to have a density of between 1.16 and 1.20, while those below lOi 
mp, tend to approach values of about 1.30 (34). Beard and Ms colla 
borators (37) give the figure 1.19 for the specific gravity of equin 
encephalitis virus, which is of a certain interest, as this virus is neuro 
tropic like that of poliomyelitis. 

The ordinary methods for determination of specific gravity, tli 
pycnometric or the floatation methods, were hardly applicable ii 
the present case on account of the scarcity of material. It wa 
therefore decided to calculate an approximate value from the rat 
of sedimentation in glycerin solutions. By the formula for correctio 
to the density and viscosity of water the specific volume was com 
puted from the sedimentation constants of table XXIIL Assumin 
the viscosity of 30 p. c. glycerin t) = 2.5 and the specific grarit, 
p = 1,073 the value V = 0.76 is obtained, corresponding to aspecifi 


gravity of 1.32. 

This value refers to the a component of human stools. Taken 
itself it is obviously of little significance. The rate of sedimentatio 
has proved to be dependent upon the concentration, and it can nc 
be regarded as self-evident, that this relation should be independen 
of the medium. Furthermore it is not known whether or not dissocis 
tion or aggregation of the substance might occur in glycerin solution. 
With these reservations it tends to show, however, that the a con 
ponent is protein in nature, i. e. in the same direction as the m. 
of the evidence. It must therefore be regarded as very plausi 
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Thus in the following calculations the specific volume was assumed 
to V = 0.76 for neurovirus and the intestinal components alike. 

The sedimentation constant of the pure and presumably dehydrated 
ncurovirus protein was found to be 181 5< 10 On the basis of 
this value and the diffusion constant 0.32 x 10“^ the molecular weight 
was calculated to 57 x 10®. Computing the axial ratio of the mole- 
cule in the ordinary way one arrives at the value 38: 1. The formula 
for this computation is developed for the case of ellipsoidal and non- 
hydrated molecules. It is hardly probable that molecules of the 
shape indicated by the above axial ratio should be ellipsoidal. It 
is more plausible that the particles arc filamentous or composed of 
shorter elements associated end to end, in which case the shape would 
be closer to that of a cylinder. The theory for sedimentation of 
cylindrical particles has not been developed, AVhen the axial ratio 
is large as in this case, one might assume, however, that ellipsoidal 
and cylindrical particles of the same mass and the same length 
would have approximately the same coefficient of molar friction. 
On this assumption the dimensions of the particles were calculated 
to about 12.5 x 580 mp. 

Under the same conditions, using the sedimentation constant 220 x 
10~^® and the diffusionconstantO.il x 10“^, the molecular weight 
of the intestinal component was found to be 200 x 10®, the axial 
ratio about 145: 1, and the size of the particles 12.2 x 2150 mp. 


Stream doiihic refraction. 

As an attempt to check up on the above figures a specimen of 
human intestinal material was examined by Sncllman for stream 
double refraction with the technique described by him (139).i The 
solution showed no spontaneous birefringence but already at very 
low velocity gradients stream double refraction appeared. As the 
apparatus was not constructed for such low velocities exact measure- 
ments could not be made. The result was, however, indicative of 
particle lengths in the range of 5—6000 Angstrom units. Further- 
more it was evident that the material was rather inhomogeneous 
\vith regard to particle size. 

It should be remarked, that spontaneous appearance of a birc- 

1 These experiments wore carried out ot the Institute of Pln-gienl Clio- 
mistry, Uppsala, 
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fringent bottom layer, as happens in sufficiently pme and con- 
centrated solutions of tobacco mosaic virus, was not yet observed 
in solutions of neurovirus or intestinal material; it may be that 
neither the degree of purity nor the concentration were sidtable 
for the occurrence of this phenomenon. 



Ultraviolet absorption. 

In these experiments a Judd Lewis 
As already mentioned the P-P" .l"Lriments it « 



found, as could be expectea, nnaL lu. ot.ar.wa...- - - 

diffuse absorption in the ultraviolet, by 

lengths. When it was attempted to ® instrument vas 

dilution it was found that the sensi i y •n'lj.oily however, 
insufficient for recording the specific abso^tion. ^ 
a preparation was obtained from normal human stoo , 
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practically colourless and with a comparatively faint Tyndall cone 
(preparation XLVI). When examined in the spectrograph it gave 
the absorption diagram shown in fig. 26. This diagram is far from 
ideal. There is a very pronounced diffuse absorption, making the 
evaluation of the specific absorption difficult. Chances are that it 
should be interpreted as a normal protein spectrum rather than that 
of a nucleoprotein, as the maximum between 2600 and 2700 Ang- 
strom might be a false one, provoked by the T 5 mdall absorption. 
For definite conclusions examination with a more suitable equipment 
is necessary. 

On the same preparation nitrogen and phosphorus determinations 
were performed. It was found to contain 16 p. c. nitrogen and 0.6 
p. c. phosphorus. As a total of but 2 mg of substance was available, 
duplicate determinations were out of question. The error, therefore, 
might amount to + 10 p. c. At any rate the figures suggest that 
the substance be a nucleoprotein with approximately the same 
nucleic acid content as the rodshaped plant viruses. 


II. Serological experimentg. 

Rabbits were immunized by intravenous injections of purified 
intestinal protein at 6 days’ intervals. They each received a total 
of about 16 mg protein in saline solution, administered in 5 injec- 
tions. Samples of blood were drawn through heart puncture before 
the iimmmization and one week after the last injection. The senims 
were centrifuged in an angle centrifuge at 3000 r. p. m. for 1/2 liour, 
frozen and stored without preservatives at - 16° C until used. Three 
rabbits were immunized, one with protein from cases of hrunan 
poliomyelitis, another with a similar preparation from young mice, 
the third one with protein from brown rats. 

Complement fixation tests were carried out in the usual way. 
A purified intestinal protein, the same that had been used for 
immunization served as antigen. When this was titrated in de- 
creasing amounts against a constant quantity of complement and 
a constant concentration of normal serum on the one hand, hyperim- 
mune serum on the other, a very substantial non-specific complement 
fixation was observed. The range between specific and non-specific 
fixation was too narrow to allow any clearcut results of a titration 
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of serum. The experiments were repeated . with newly 
proteins with the same results. ^ P P red 

Precipitin reactions were carried out as follows. 0.5 ml amounts 
of a suitable dHution of serum, usually 1: 10, were mixed with an 
equal volume of antigen solutions of decreasmg concentrations, kept 
at + 50° C for 1/2 hour and further over night in the ice box. head- 
ings were made with a hand lens magnif 3 dng 5 times. 

With normal serum visible reactions were never obtained. With 
hyperimmune serum and the homologous antigen a thin, loose floc- 
culation appeared after about 1/2 hour at 60° G. The precipitate 
was easily broken up at gentle shaking, after which reformation 
required another 1/2 hour. It hardly settled in the ice box. The 
reaction was visible in antigen concentrations down to about 
1 :200 000, The flocculation was decidedly of the type usually asso- 
ciated with filamentous antigens (H-type). 

Each serum gave positive reaction with all of the three antigens. 
No significant differences in titer were observed, but the quantities 
of precipitate differed, indicating possible antigenic differences. 
Judged from this basis the proteins from human and mouse feces 
appeared identical while the protein from rats differed. Absorption 
experiments were started but gave no conclusive results. 

The anti-human serum was tested against a number of preparations 
from normal stools, of different degrees of purity. When purification 
and concentration were carried far enough, the preparations gave 
consistently positive reactions. Hereby were, however, three different 
types of flocculation observed. Most often the one described above 
occurred. The precipitate formed seemed to be almost colourless 
even in dark brown solutions. Sometimes another kind of H-floccul 
ation appeared. The precipitate was coarser, settled readily and was 
usually coloured, leaving a clear and colourless supernatant. On a 
few occasions finally, the 0-type of precipitation was observed. 
In these cases the solution appeared milky and turbid immediate y 
after mining of the reagents. The precipitate was white, gran ar, 

and settled in compact masses. 

On accoimt of these observations it was felt that the serum coo 
tained heterologous antibodies as well, probably originating c® 
impurities present in the preparation used for immuniMtion. 
Attempts were made to remove these antibodies through a sorp 
tion. It was soon found, however, that the fractions used for a 
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sorption still contained considerable quantities of tbe homologous 
antigen. . The result of the absorption experiment tended, therefore, 
to complete extinction of the precipitin reaction. As it would prob- 
ably be easier to obtain a pure homologous antigen for immuniza- 
tion than pure heterologous fractions for absorption, the attempts 
to obtain a strictly monospecific serum were abandoned for the time 
being. 

Until now only one experiment with neurovirus has been performed. 
A dilution of preparation XXXI, human ncurovirus, was mixed 
with antihuman serum. No flocculation was observed. It was, 
however, questionable whether the concentration of virus protein 
in this case exceeded the critical level for visible reactions. The 
question of the serological relationships between neurovirus and the 
intestinal protein still remains open. 

Neutralization experiments with the hyperimmune serum have 
not yet been carried out. 

So far the serological experiments have not yielded any practical 
results. The description of this work was included, however, to show 
that the substances studied possess antigenic properties. It is there- 
fore very probable that a continuation and extension of these ex- 
periments will provide more substantial evidence concerning the 
nature of the intestinal proteins, about which at present only vague 
theories can be presented. 


III. Electron optical studies. 

A number of purified specimens were studied in the electron 
microscope at Laboratorium fiir tJbermikroskopie, Siemens imd Hal- 
ske A.-G. in Berlin. The results have been reported elsewhere (152, 
48, 49) and will be only briefly summarized in the following pages, 
A first series of specimens including the numbers 1), 3a), 4), and 
5) (see below) were examined by professor A. Tiselius, the remaining 
specimens by the present writer. 

The commercial type of the Siemens und Halske electron micro- 
scope was used, and the technique employed differed in no way 
from the ordinary (127). All preparations were dissolved in distilled 
water. Series of tenfold dilutions in distilled water were prepared. 
Of each dilution a small drop was placed on the object carrier and 
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The fluid balance between the blood in the cellophane casin”- 
and the solution outside it may be obtained in two different 
ways: a) by adding cpiantitios of a suitable colloid to the salt 
solution until its colloidal osmotic pressiue is equal to that of the 
blood, b) by compensating the colloidal osmotic pressure of tlie 
blood by corresponding hydrostatic pressure. 

1. Colloids. 

When a colloid is added to the salt solution for dialyzing blootl 
in vivo, the colloid is not administered intravenously, it is true, 
but the contact is indirect via the cellophane membrane. How- 
ever, large quantities of blood come into such indirect contact 
with largo quantities of salt solution (when treating homo, about 
100 — 200 litres of blood to 200 — 250 litres of salt solution per 
uninterrupted treatment). Such colloids as are available in the open 
market and can be regarded as applicable for this purpose arc, 
however, not uniform but contain molecules of different sizes. 
They ought therefore nob to bo used for the dialytic treatment 
of human beings before they have been most carefully tested on 
animals and, if necessary, cleansed of low-molecular compounds 
that might pass through the membrane, exercise a toxic effect 
on, or remain deposited in the organism of the individual under- 
going treatment. 

Besides the above disadvantages there are others that will bo 
dealt with in the following. 

In this respect our studies are confined to the dialysis of blood 
against colloidal salt solutions in vitro and to a limited extent 
to experiments on rabbits. We have tried gummi arabicum 
(acacia) and amyluni solubile.^ As was only to be expected, wo 
had no difficulties in maintaining the fluid balance between tlie 
blood and the salt solution -{- colloid. The following experiences 
are however worthy of mention: a) These substances contain 
cristalloids of varying or non-physiological concentration; our 
preparation of gummi arabicum contained large quantities of 
calcium and amylum solubile, large quantities of phosphorus, 
b) The strong formation of froth made it difficult to control the 
pH value of the salt solution by means of sodium bicarbonate-j-COi. 

' By the courtesy of the Research Laboratory L. K. B. {polyvinyl-fl|coiiol) 
and A/B Ferrosan famylum solubile) who placed preparations at cur dispoa.il 
freo of charge, it was possible for us to carry out this ])art of our rc.-icarch wor >. 
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c) Analysis of the substances dialyzed from the blood into the salt 
solution is rendered difficult, d) It is difficult to obtain sufficient 
quantities of colloids; colloids with a satisfactory degree of piu’ity 
would be far too expensive in practice. 

The above also applies essentially to polj’Adnyl-alcohol. 

The ‘present apparatus affords the possibility to maintain the fhiid 
balance by means of hydrostatic pressure. As it is possible even to 
obtain a stronger dehydration in the modified form of the apparatus 
already mentioned by one of us (A. 1947), lue have no Dcollouh prob- 
lem. We have therefore discontinued to work on it. 


2. Hydrostatic Pressure. 

The cellophane casing of the apparatus contains a limited and 
definite amount of blood, which is practically independent of the 
pressiue in the casing. By suitably' adjusting the pressiue it is 
possible to maintain equilibrium between the blood flowing 
through the casing, and the siu’rounding salt solution. We have 
studied the fluid balance both in vivo and in vitro. 

In vitro: The fluid balance between heparinized animal plasma 
and a salt solution has been studied in the following manner. 

A relatively small dialysis apparatus was used for the experiments. 
The plasma was made to flow from a container placed about 1.3 m 
above the level of the apparatus. The rate of flow was controlled by a 
valve described in an earlier publication (A., 1947). All conditions were 
constant except for the fact that the height of the rubber tube, through 
which the fluid left the apparatus (= the hydrostatic pressure) was 
changed. From this outlet tube the plasma was allowed to flow into a 
vessel, whence it was poured back into the first mentioned high con- 
tainer. In this manner about 200 — 250 ml. plasma circulated through 
the apparatus at a rate of 3/4 — ^1 litre per hour during six hours. The 
experiments were carried out at room temperature. 

Table 1 shows firstly the length of the outlet tube (= the 
hydrostatic pressm-e exercised against the contents of the casing 
during the major part of the experiment) and secondly the change 
of the protein content of the plasma during 6 hours’ dialy'sis as 
determined according to Van Sly'kes copper sulphate method. 

As was to be expected, we found that at the low' hydrostatic 
pressmes, the protein content of the plasma fell — i. e., fluid 
flow'ed from the salt solution to the plasma — w'hilst the protein 
content remained constant or increased a little with the higher 
pressures. 
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occurs. The arrows in the picture indicate details of the strucfer 
which must be interpreted as the ends of individual fibr!; 
of a bundle. On account of this condition statistical evaluation 
of the fibre width was not attempted. Instead of that measurements 
were carried out on a number of micrographs showing presumably 
single fibres not stretched. Thus a mean value of about 15 ml 
was obtained, from neurovirus and intestinal proteins, horn human 
and murine specimens alike. As the width of the fibres is neartbe 
resolving power of the instrument, the accuracy of the measurement 
is probably of the order of 2 — 3 mjj,. 

Observations on specimen 3b) in different states of purity revealed 
the following facts. The impme preparation contamed beside the 
filaments two morphologically distinct components. One consisted 
of rounded particles 50 — 100 mp in diameter. The other one was 
finely dispersed, the elementary particles just about visible, i.e. below 
10 mp. The filamentous phase consisted almost exclusively of single 
fibres in netlike arrangement. The particulate impurities were an- 
meshed in this network, while part of the amorphous material seemed 
to be adsorbed onto it. With increasing degree of purity first the 
particulate phase disappeared, then gradually the amorphous phase 
as well. In the purest preparations only the filamentous phase was 
visible. From comparison with the sedimentation diagrams it was 
concluded that the large particles corresponded to the y, the 
amorphous substance to the {3 component. Parallel to the degree 
of purity the arrangement of the fibres changed. An increasing ten- 
dency to fonriation of bundles was obvious. The pmresfc preparations 
contained hardly any single fibres except as short branches of thicker 
bundles. One got the impression that the impurities enmeshed in 
the network prevented association of the fibres mechanically, when 
these were removed a sort of coagulation of the gel structure ensued. 

When the micrographs of the different specimens were compare 
on the basis of these general observations the following characteiis 

tics were found. , 

The intestinal proteins showed no differences that coidd not 
referred to the actual state of purity. The fibres and their arrange^ 
ment in active and inactive preparations were identic^, an d 
further elements that could es^Iain the biological activity 
observed. Likewise no significant dissimilarities between 
mouse and rat proteins were detected. The sizes of the single 
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vacied considerably; tbey seemed, liowevcr, to be more uniform in 
tbe impure specimens. The meshes of the netlilre gel structure 
were of an order of magnitude of about 1 p.. 

The nucrographs of murine neurovirus showed mainly long fila- 
ments, almost exclusively single fibres in a loose network with wide 
meshes. Now and again impurities appeared to be adsorbed to the 
fibres, forming bead-string-like structures. The tendency to bundle 
formation seemed to be less pronounced. 

In the human neurovirus preparations a finely dispersed substance 
predominated. It seemed to be rather uniform with regard to par- 
ticle size and shape, forming rounded elements of about .10 mp in 
diameter. In the bulk of this substance single fibres were embedded, 
sometimes branched but seldom in netlike arrangement. Bundles 
were never observed. A third component in the shape of rounded 
particles might have been present, very difficult to distinguish from 
aggregates of the main component. 

It should be pointed out that many of the details now described 
might be artificial, appearing during the process of desiccation and, 
therefore, not significant for the natural state of the solutions used 
for preparation of the objects. For instance, free filaments must 
always appear in a netlike arrangement, if no forces of orientation 
come into function during the desiccation. In the present, case over- 
lapping of fibres was very seldom observed, the ends being consist- 
ently apposed to the neighbouring fibres. This indicates that the 
net formation was not entirely artificial. Probably a netlike gel 
was formed when the solution became sufficiently concentrated 
through evaporation. In the diluted specimen on the other hand, 
the fibres must have been free. 

There is certain evidence to show that the formation of bundles 
might be entirely artificial. On a number of micrographs from highly 
purified protein solutions, elsewhere showing pronounced bundle 
formation, a striking parallel orientation of single fibres was observed. 
As no signs of tension of the carrier film indicative of an orientation 
after fixation to the film were visible, it must be assumed that the 
orientation had taken place during the desiccation process. If the 
end of a fibre sticks to the carrier film, and the fibre is then caught 
by the edge of the fluid during evaporation receding from the hydro- 
phobic film, it will be orientated perpendicular to the edge of the 
fluid. This was probably what had happened in the objects just 
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mentioned. If this he the case, it indicates that the fibres were not 
sociated to bundles in the solution. The reason why bundle fonnar 
appears only in the pure preparations is probably simply that 
case no impurities prevent the complete collapse of the gel structure 
Finally the interpretation of some micrographs as indicative of 
adsorption of amorphous material on the fibres is of course open 
to the same criticism. No observations bearing upon the real implica- 
tion of these pictures were made. 

* ^ 

* 

The sedimentation and diffusion constants of the different prepara- 
tions indicate a pronounced dissymmetry of the molecules. The 
numerical values of the dimensions, calculated on the basis of the 
experimental data, must be considered uncertain and for severs’ 
reasons, (a) The determination of the constants themselves waf 
not sufficiently accurate. As the dependence upon the conceutra 
tion, salt content of the solvent, etc. was very marked, the fina 
values had to be estimated through extrapolation, a procedure in 
evitably involving considerable sources of error, (b) The materia 
was inhomogeneous, and all figures were consequently to be regardet 
as average values.- (c) Finally the method of calculation was vali( 
imder certain conditions only. — On that account too much weigh 
must not be attached to the exact figures. Their order of magnitud 
is, however, significant. Accordingly the particles are to be regardei 
as slender rods or fibres, probably of a uniform width of 12 13 mp 
their length on the other hand varying considerably. This indicah 
that the particles are aggregates of smaller units in chamlike associs 
tion. From the sedimentation data it can be inferred that the tei 
dency to chain formation increases with the degree of purity. 

This conception was corroborated by the stream double refraction 
measurements and above all by the electron optical observations. 
The estimation of the length of the elementary particles, arrive a 
micrographometrically, needs further confirmation, however, y 
application of appropriate methods for preparation of the uuc^ 
scopical objects it might also be possible to study the dissooia i 

phenomenon discussed in chapter IV. • r nur 

The chemical analysis of the a component is decidedly m 
of the conception of this substance as a nucleoprotein. Int e seq 
it will be referred to as the high molecular intestinal protein. 



CHAPTEE VIIL 


Discussion. 

The aim of the present study was the isolation in pure state of 
the viruses of murine and human poliomyelitis. As a working hy- 
pothesis it was assumed that these two viruses were closely related, 
and that in experimental work one of them could serve as model 
of the other. Consequently all methods were worked out on the mouse 
virus and then directly applied to the human type. 

By means of procedures generally adopted for purification of viru- 
ses — with slight modifications necessitated by the nature of the 
starting material — it was possible to isolate from infected mouse 
brains a substance, presumably identical with the virus protein. 
The basic arguments for this presumption were presented in chapter 
V page 109 and were as follows, (a) The substance was present in 
all active specimens sufficiently concentrated but absent in con- 
centrates of extracts originating • from normal mouse brains, (b) 
The preparations, representing but 1.6 x 10~'^ p. c. of the starting 
material, had retained about 30 p. c. of the total virus content. 
Thus the viral activity of the substance was about 200 000 times 
that of infected brains, (c) The activity of different preparations 
was proportional to the content of this substance, (d) By sedimenta- 
tion analysis the purest preparations proved to be homogeneous 
with a sedimentation constant equal to that of the virus as determined 
by biological recording. 

As previously mentioned the size of the virus as determined by 
ultrafiltration was estimated to 10 — 15 mji, which in case of asym- 
metric shape of the particles refers to the small axis. In agreement 
with this figure the molecules of the virus protein were found to be 
rodshaped or filamentous, the width being 12 — 13 m(i as determined 
indirectly from sedimentation and diffusion data or about 15 m[i. 
in electron optical measurements. 

10 — 43200 . S.Qard. 
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In chapter IV the statistiqal evaluation, of titration dataka 
the conclusion that most of the virus particles appeared in kZ 
aggregates and that these aggregates probably dksociated oa 
dilution. Sedimentation and diffusion experiments disclosed a certain 
inhomogeneity of the presumed virus protein, indicating that tk 
particles in reality were aggregates of smaller units associated end 
to end. This was confirmed in the electron microscope, where the 
length of the elementary particles was estimated to about 115 mu 
Single virus molecules were scarce, most fibres having a length oi 
about 1 p, corresponding to 8 or 9 molecules. There was, however, 
evidence to show that the method for preparation of the dried films 
favoured aggregation of the particles. It is, therefore, probable, that 
the average of 580 mp, calculated from the sedimentation experi- 
ments, and .corresponding to 5 elementary .particles, is more correct 
as an estimate of the length of the chains when in solution. lor the 
same reason it could not be decided whether the aggregation was 
reversible by dilution. 

As developed in chapter IV it must be assumed on anatomical 
grounds that one MED as a rule comprises more than one active 
virus particle, aggregated or not. The actual munber is dependent 
upon the relative amount and the distribution of susceptible tissue, 
which was indicated by the introduction of the resistance factor 
The anatomical structure of the brain and the probable refractoriness 
of the glial elements considered, one must admit p = 0.01, corre- 
sponding to 100 particles per MH), to be a plausible value. The 
molecular weight of the virus protein was calculated to about 
57 000 000, referring to aggregates of probably 6 elementary particles, 
as pointed out above. On the. basis of this figure and the last column 
of table yXTT the number of aggregates per MID can be calculated 
to between 99 and 354. 

All these observations give further support to the conceptioa o 
the substance isolated from infected brains and the filamentous par 
tides observed in the electron microscope as the virus itself. 

On accoimt of the minute jdelds of virus its cheinical natrue 
not yet been studied. In experiment 20 a partially puxifie p ^ 
paration was found to, contain 0.069 mg nitrogen per ml. cot 

ponds to a nitrogen content of only 3 p. c, of the dry weig t. 
the sedimentation diagrams the virus content of this 
was estimated to about 6'p. c. of the total solids, which ca c 
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as protein represents 0.023 mg nitrogen per ml. The impurities had 
obviously a very low nitrogen content, probably consisting largely 
of lipoids, and the result of the chemical analysis of this specimen, 
therefore, is not incompatible with the assumption of the virus as 
a protein. 

A comparison with ■ the plant viruses reveals several interesting 
similarities. Most of these viruses — the only exception so far being 
that of tomato bushy stunt — are xodshaped .with a width of 10 16 
mfji. and varying lengths. Tobacco mosaic virus is the one best studied. 
Preparations from young plants, piurified through: differential centri- 
fugation in distilled water are homogeneous with regard to sedimenta- 
tion with S 20 = 174 X 10“^^ (163).. After exposure to salt solutions 
they become inhomogeneous with a second component of Sjq = 
200 X 10~^®. Through viscosity measurements the axial ratio was 
estimated to 35: 1 on the basis of which the dimensions were cal- 
culated to 12.3 X 430 m[j, (96). The second component in the sedi- 
mentation diagrams corresponds to two such imit particles associated 
end to end. The diffusion constant was determined to D 25 = 0.3 x 
10-^ (39). 

In a recent paper Bernal and Fankuchen (14) reported an extensive 
study of the X-ray pattern of the virus. In orientated dry gels they 
found intermoleoular spacings of about 160 A, whereas in wet gels 
this distance had a minimum value of about 170 A and varied with 
pH and salt concentration. They assume that the difference is ac- 
counted for by hydration of the molecules. 

Kausche, Pfankuch and Huska (81) measured the particle size 
on electron micrographs and found a constant width of about 16 
mp, while the length showed a considerable variation. They found 
no rods shorter than 300 mp, and most of them held a multiple of 
this length. A few, however, measured an odd multiple of 150 mp, 
indicating that this should be the unit size. , 

In Wyckoff’s centrifugal studies on plant viruses no observations 
concerning the influence of concentration upon the rate of sedimenta- 
tion axe mentioned. He uses throughout solutions of about 0.16 
p. c. virus protem. Likewise no systematical investigation of the 
dependence upon the ionic strength of the solvent has been carried 
out. However, from.the available data a certain trend of the figures 
is reco^zable (163, 164). The rate of sedimentation seems to be 
lower in distilled water than in buffer solutions. Furthermore a 
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certam pH effects , visible, a maximum- of sedimentation velocity 
^mcidmg with th^soelecteio point, with a gradual decrease^^^^^^ 

the limits of the stability range. This observation if verified is con- 
foim with the result of. the X-ray study by Bernal and Fankuchen 
and tends to show that the virus is hydrated. This means that the 
specific volume is larger than the value 0.77, derived from measure- 
ments on dried material. The size of the particles, therefore, is prob- 
ably larger than that estimated by Lauffer. Assuming a degree of 
hydration as indicated by the X-ray. crystaUographic measurements 
one arrives at about 20 x 720 mpt. It is, therfore, very probable, 
that even the homogeneously sedimenting component of 820 = 
174 X 10 ~^^. represents aggregates of molecules. The homogeneity 
might be only apparent, a result of the relatively high concentration 
of virus. It might be mentioned that the largely inhomogeneous 
intestinal protein in concentrations of 0.25 p. c. or more in distilled 
water sediments with abnormally sharp boundaries, the concentra- 
tion gradients being, too steep to be recorded by the scale method. 

The electron optical observations on the particle lengths are of 
considerable interest. Although the existence of unit particles of 
150 m{i, in length was probable, no such single units were detected. 
Most aggregates contained an even number of elementary particles, 
while those with ■ an odd number were scarce. In this connection 
the dissociation formula C (chapter TV page 76) must he kept in 
mind. According to that formula even-numbered chains of mole- 
cules should predominate if the difference between the two dissocia- 
tion constants were sufficiently large. From Bald’s deductions (d, 5) 
it is evident that the deviation from the curve of normal distribution 


of takes is of exactly the same type in tobacco mosaic as in mouse 
poliomyelitis. In the case of tobacco mosaic, however, there is no 
way to determine the single molecule lesions and furthermore the 
probability factor p is of quite different order of magmtude pmb 
ably as low as lO^'* — why the dilution endpoint falls in another 
range of virus concentration. On this account it is not feasi 
to decide by biological methods whether one or the other dissociation 

formula is the more probable. . , 

At any rate the neuf ovirus from mice seeins to have many 
qualities in common with tobacco mosaic virus. Most 
is the tendency to' aggregation of the particles end to end. n ’ 
other hand the electrori micrographs disclose certain diss 



Single paxticles and sliorter filaments •. of the tobacco, mosaic virus 
appear very straight and rigid, whereas the. neurovirus seems to be 
very flexible and elastic, in this respect more like- potato X virus 
(81). This might explain why the tobacco mosaic virus readily forms 
parallel orientated paracrystals, whereas potato .X and probably 
the neurovirus — ■ do not. 

* * 

- ■ * 

When the methods of purification elaborated in experiments on 
the mouse virus were applied to nervous tissue from cases of human 
poliomyelitis, small amoimts of a substance .were recovered, showing 
a striking resemblance to the mouse virus. This substance was not 
obtained in pure state — in fact a complete purification was not 
attempted or even wanted. The yield amounted to a total of about 
0.1 mg and as the purification procedure involved separation of the 
material in substance, it was felt that such small quantities might 
easily disappear during the manipulations unless some sort of a car- 
rier substance was used. The high molecular weight component 
present also in extracts of normal nervous tissue served as carrier. 
It can not be excluded that the presence of this constituent inter- 
fered with the rate of sedimentation of the faster component. In 
preparations of the mouse virus, however, the? presence of similar 
slowly sedimenting material effected no alteration of the sedimenta- 
tion velocity of the virus. It seems, therefore, justifiable to operate 
with the values recorded. 

The sedimentation constant of this substance was determined to 
Sjo = 150 X 10~^®, i. e. exactly the same as that of murine virus of 
the same degree of purity. In the electron micrographs structures 
of the same shape and size as the mouse virus appeared, embedded 
in a mass of amorphous material, the carrier substance. Apart 
from these similarities, the facts that the one preparation tested in 
a monkey was active, and that the substance now in question was 
not recovered from normal brains,, suggest that it represents the \Trus 
protein. 

The present study, therefore, has presented further suggestive 
evidence of the close relationship between the. human and the murine 
poliomyelitis. The. working hypothesis, according to which the mu- 
rine virus and the mouse disease served as inodel of the human type, 
has been corroborated. ’ 
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The smaU yield of virus' proteiu obtained from irfected 
tissue necessitated the search for other sources of virus. For 
purpose feces from mice and cases of human poliomyelitis, kaovm 
to contain comparatively large amounts of virus, were most dose 
at hand. As starting material they had certain obvious disadvantatres, 
but were never the less preferable from many points of view, '^is 
kind of material would probably be easier to purify; it is available 
in large quantities — and cheap, 

This part of the investigation has hardly passed the prelimmaiy 
stage. The experimental evidence is still incomplete and in dramng 
conclusions one must proceed with the greatest caution. In tbe 
writer’s opinion, however, it offers an interesting point of depaitoie 
for future work, and it was therefore included in this report. 

Before the nature of the high molecular intestinal protein is dis- 
cussed a few remarks on the purification procedure and the choice 
of methods should be made. As already mentioned if was observed 
that tobacco mosaic virus, originally homogeneous, after exposure 
to salt solutions became inhomogeneous, ' Parallel with mcreasiug 
inhomogeneity the rate of sedimentation increased, the stream double 
refraction indicated increased particle length, the filterahility de- 
creased, and the activity decreased. On this account the ammonium 
sulphate precipitation Was regarded as too drastic and inferior to 
the mild differential centrifugation method. 

Bawden and Pirie (8) found that the ability to form liquid crystals 
depended upon the degree of purity of the vims solution. Bernal 
and Fankuchen ,(li) stated that the decisive factor must be the length 
of the particles, and advanced the theory that . low molecular iffi 
purities Were attached to the ends of the rods, preventing them om 
associating to longer fibres. As an indirect confirmation o t 
hypothesis Kausche (80) was able to produce in purified virus sohi- 
tions real crystals of the same' type as those observed in y 

addition of crude plant juice. - 

As a corollary of this theory the tendency to aggregation wo 
be a measure of the purity of the solution, and inhomogeneous 
mentation rather to' be welcomed than avoided as evidence o 
cessful purification. The effect of salt solutions might, e 
elution of impurities adsorbed onto the virus molecuks an ms 
able from them by mere differential centrifugation. As pom 
on page 124, the experience with the intestinal protein 
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favours this assumption. The serious problem is whether the treat- 
ment with salt has any deleterious effect on the activity. The lesion 
count is simply a method by which the relative number of infec- 
tive aggregates is estimated, no matter whether each aggregate 
contains one or more active virus units. It is therefore (juite natural 
that the activity per unit weight thus measured should decrease 
with increasing aggregation. This, however, docs not necessarily 
mean that the virus is partially inactivated. The crucial test, reestab- 
lishment of the original activity after redispergation of a purified 
solution, has not yet been carried out. 

The incubation time titration method in mouse poliomyelitis is 
probably independent of the degree of dispersity of the virus. The 
mouse virus would, therefore, be a suitable test object in experiments 
concerning the nature of the salt effect. No direct tests to that end 
were performed, but certain conclusions might be drami from ob- 
servations made in purification experiments. The yield of purified 
virus was about 30 p. c. as estimated from activity tests. In a few 
eases the different fractions, usually discarded, were systematically 
sampled and tested for activity. It was found that the loss of ac- 
tivity was approximately accounted for by the total ncrinnty of 
the discarded fractions. The deficit of 70 p. c. v,‘a5 therefore referable 
to a loss of substance rather than an inactivation of the vims. 

Although incomplete as evidence this indicates that the ammonium 
sulphate precipitation does not damage the virus. The choice of 
purification method, therefore, should be dependent upon the ul- 
timate aim of the procedure. Treatment with salt solution gives 
a purer product. If on the other hand preservation of the original 
physical state rather than chemical purity is wanted, differential 
centrifugation should be preferred. Concerning these filamentous 
giant molecules the paradox seems to be applicable, that the more 
inhomogeneous the purer is the material. It is also obvious that 
the sedimentation constant is of little value ns a characteristic of 
such substances. 


As described in chapter VI a substance referred to ns intestinal 
protein was regularly found in the feces of man and white mice, 
regardless whether active virus was excreted or not. It was also 
recovered from brown rats and pigs but not from white rate and gui- 
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^ pigs. With the methods used, sedimentation and electron nn 
tical analysis, it could not be distinguished from the virus protef 
It was composed of molecules or particles of the same size andsbp; 
as those of the virus, possibly showing an even more pronounced 
tendency to aggregation; this, however, could be a secondary pte- 
nomenon and the result of a more extensive purification. Inactive 
specimens the viral activity was concentrated along with this protein. 

From these observations it is evident that it was impossible to 
decide whether the substance isolated from infective specimens 
consisted of vims plus inactive protein, or should be regarded as 
qualitatively homogeneous. 

Whichever be the case, it is hardly probable that the similarity 
between the vims and the “normal” intestinal protein is merely 
incidental. To the writer’s knowledge substances of this type Lave 
not previously been isolated from material of animal origin, and those 
from plants possess' viral activity, without exception. This field is 
only just opened, that is true, and but little work has been done as yet. 

Claude (27) and later also Forth and Kabat (41, 42, 43, 79) exa- 
mined heavy fractions obtained by high speed centrifugation of 
organ extracts. Their preparations were largely inhomogeneous and 
seemed to consist of cellular , debris of particulate nature, probably 
mitocondria. These particles were, however, of a different order of 
magnitude when compared "with the protein molecules now in ques- 
tion. 

Beard and his collaborators (12, 37) when isolating the vi^es 
of. rabbit papilloma and equine encephalitis, subjected normal tissue 
to exactly the same treatment. No substance whatsoever was re 

covered. ii 

Tn the process of purification of the neurovirus as wel as e 

intestinal protein, a number of heavy components were observe . 
As revealed by the electron micrographs some of these were pa 
culate, forming spherical bodies of different sizes. Others 'we 
finely dispersed, the particle size below the resol'vring.power o t e 
croscope. Similar substances were obtained in control experim 
from internal organs such as liver and kidney. However no 

ponents of , the vims type were detected. mined 

Several vims preparations of animal origin have been exa ^ 
electron optically but so far no stmctures similar to t ose 
intestinal protein have been observed (v. Borries, pers. com 
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Thus it is evident that substances of this type arc at least not 
common. This circumstance together with the facts that the intes- 
tinal protein was recovered from feces of the three species known 
to contract spontaneously poliomyelitic infections and at least two 
of them harbouring the virus in their intestines, and also from rats, 
constant companions of man and pigs, but not from the two 
further species of animals examined, suggests a closer connection 
between the virus and this substance than a mere morphological 
identity. 

The assumption that the intestinal protein is an avirulcnt or non- 
neurotropic variant of poliomyelitis virus is very tempting. The 
chemical analysis, showing that it is in all probability a nuclco- 
protein, supports this hypothesis. The observation that it enhances 
the activity of a virulent virus, just as do low virulent strains, might 
have a signification in the same direction. Pinally there is some 
epidemiological evidence in favour of the thcor)'. 

From a purely statistical point of departure Petersen (119, 120, 
121) has deduced formulas for the development and course of epi- 
demics. His deductions deal with three type cases. (I) The infec- 
tious agent is suddenly introduced into a population of a certain 
average susceptibility. Transmission from one individual to another 
does not occur. To this type belong for instance the waterborne epi- 
demics of typhoid fever. (II) The infectious agent after being in- 
troduced into a population is transmitted from one individual to 
another through contact, droplet infection or otherwise. Infection 
produces immunity. (Ill) The infectious agent is ubiquitous. The 
individuals arc constantly exposed to infection but normally resistant. 
Under certain conditions a lowering of the general level of resistance 
occurs, resulting in appearance of disease. 

A computation of the epidemic curves out from these assump- 
tions lead to the following results. Type I gives a curve with high 
initial case incidence, gradually diminishing. Types II and III both 
give normal distribution curves, provided in the latter case that 
the individual resistance shows a normal distribution. The study 
of a single epidemic leaves, therefore, the decision ns to type pendent. 
There are, however, corollaries to the formulas, which make definite 
conclusions possible after comparative studies of a number of epi- 
demics. In cases of type II the course will be different in intensive 
and mild epidemics in the same population or in epidemics of the 



same average rate of morbidity in large and i 

Epidemira of type JII are independent of these conditionsfttie'l”, 
factor affecting the course being the rate at which the temtJ. 
changes. ^ 

By comparison with the official statistics from different countries 
Petersen foimd measles, influenza and other typical contact infec- 
tions to belong to type II. The agreement between observed and 
calculated data was excellent. The epidemics of poliomyelitis on 
the other hand were decidedly of type III. Considering the seasonal 
distribution and the differences in this respect between the warm 
and the temperate climates, he searched for a correlation with some 
well defined climatical factors. He found that the peak of the epi- 
demics occurs at a time of the year when the insolation decreases most 
rapidly. From the seasonal distribution he calculated the rate oi 
the presumed change of resistance and found a close correlation 
to the amount of insolation at the corresponding time of the year 
and the corresponding geographical latitude. His conclusions are, 
that the virus of poliomyelitis is ubiquitous, and that the lowering 
of the resistance against infection is the important factor in the 
epidemiology of the disease. This decrease in resistance coincides 
with the maximum rate of decrease in the insolation. 


The pivotal point of Petersen’s deduction is of course the presumed 
change of the virus-host interaction. For the mathematical treatment 
it is of no significance whether this change refers to the host, the vinm, 
or both. On the assumption that the decisive factor is increase in 
virulence of the virus rather than decrease in host resistance, Peter- 
sen’s theory should be of the utmost importance for the interpreta- 
tion of the findings reported in this study. 

With all reservations for the imperfection of the evidence presen , 
the following hypothesis will be advanced. The intestinal protein 
is a virus and a normal inhabitant of the intestines. As to the adn 
site of infection no conclusive evidence is available. Judging 
the experiments on mice the virus is present principally in t e c 
tents- rather than in the wall of the guts. This suggests, t at son 
intestinal microorganism is the actual host. From the conten s 
is probably being continually absorbed by way of the ladea , 
posited in the lymph glands, and gradually destroyed. 

“passive invasion” a slowly increasing serological immunity Q o ' 
a' process that is probably intensified by intercurrent in ec i 
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whicli ■would explain ■why the neutralizing substances de'velop earlier 

in urban than in rural populations. 

Normally this virus is non-neurotropic, and as it does not possess 
avidity to any other tissues of the organism, its presence can not 
be revealed by our present biological tests. From a pathological 
point of ■view it must be characterized as not only apathogenic but 
non-infectious. Under certain conditions, however, the formation 
of neurotropic • variants is favo'ured. In the domesticated mouse, 
not exposed to any considerable seasonal changes of the environment, 
these conditions are established, when the animals are being weaned, 
no matter, what season. In man they are somehow, directly or in- 
directly, connected with certain climatic factors. 

The nature of the active forces and the mechanism of the process 
can be but conjectured. It is well known that certain external fac- 
tors like radiation, chemical treatment, etc. favour the appearance 
of mutants. If the intestinal ■virus were confined to the intestines 
of the respective hosts the active agent causing mutation most 
probably would have to be introduced ■with the food. If on the other 
hand an intestinal microorganism is the real carrier of the ■virus, 
this vector could be supposed capable also of living outside its host, 
and thus’ to be exposed more directly to the hypothetical agent. 
Whatever the mechanism water would be the most probable vehicle. 
There already exists some experimental and epidemiological evi- 
dence to that effect. A transmissible agent, causing poliomyelitis 
in monkeys, was recovered by Kling (86) from suspected well water. 
Furthermore the connection between athmospheric precipitation and 
poliomyelitis (45) suggests that surface polluted drinking water be 
a vehicle of the virus or the transformation agent. 

When the suitable conditions cease to exist, the neurotropism 
subsides, either through disappearance of the mutant strains or 
through a gradual decrease in affinity to nervous tissue. In favour of 
the latter alternative is the common experience, that newly isolated 
strains of virus often cannot be established in passage at all, or they 
display a gradual decrease in ■virulence, extinguishing completely 
after 3 or 4 passages. In some strains, however, the neurotropism 
becomes fixed, making the individual host a carrier for life. 

According to this theory’ the poliomyelitic infection would be in 
a sense endogenic, although certain exogenic factors are involved as 
well. There are other virus infections that could be explained on a 
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sumhT bms. ^ comeotion with hetpes for instance tie endctem, 
origm of Yima has been most ardently discnssed. In disport pe« 
the herpes eruptions can be produced at wUl by various s tin!,,!.. ,. 
prmoipaUy fever producing agents. Virus csn.be regularly recovewi 
from the vesicles. In the meantime between attacks, oa the otkr 
hand, it is usually not possible to detect the virus anywhere (for re- 
ferences see Doerr (30)). And yet it must be present in the tissues 
permanently. — Shope (138) produced conclusive evidence to shos 
that the virus of swine influenza is transmitted by the lungworm, tte 
eggs of which are excreted with the feces and taken up hy earth- 
worms. These in their turn are devoured by the swine, tke lung- 
worm develops in the intestines, penetrates the wall, wanders to the 
lungs,, and the cricle is shut. That the virus is transmitted hy this 
route is proved beyond doubt.- Yet it has not been possible to show 
the existence of the virus in the lung worm in any stage of its develop- 
mental cycle. This must mean that the vims does not develop 
pneumotropic properties until the vector has reached the lungs of 
the host. As the pathogenicity of the virus is the only characteristic 
by which it can be biologically identified the non-pneumotropic 
variant cannot be detected. 

Another interesting parallel can be drawn. The investigations hy 
Claude (25, 26, 27) have revealed that the tumor producing agent 
from Rous’ sarcoma is inseparably connected with certain particulate 
structures in the tumor extracts. The size of these particles is in 
the range of 50 — ^200 mpi. They were found to consist of a nncleo- 
protein and about 50 p. c. phospholipoids. However, particles ol 
the same size and the same chemical composition were recovered 
from normal tissues as well. To these particles are attached the 
heterogenetic antigen (41), the Wassermann antigen (42), and certain 
enzymes (79), They are regarded by Claude as preformed cell ar 
structures, probably mitochondria. — In this case it is hardly 

priate to denote the particulate component of the tumor extracts as 

the virus of Rous’ sarcoma. The tumor producing agent is com me 
with the mitochondria and its activity obviously intimately 
with the maintenance of the structure of these particles, t oug 
pathologically altered they are nevertheless cellular constituents 
might perhaps be regarded as mutant mitochondria. 

The virus of poliomyelitis, on the other hand, is not a cons i « ^ 
of the cell. No similar substance or structure is present m no 



157 


cells. However, the theory cannot be worked out in detail at present. 
The supporting evidence has obvious defects, and consequently the 
next objects of research are given: the chemical and serological 
relation between the neurovirus and the high molecular intestinal 
protein, the origin of the latter substance, and eventually the con- 
ditions necessary for its transformation into a neurotropic variant. 
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In chapter IV the theoretical basis for the interpretation of titra- 
tion data is surveyed. Parker’s experiments on the virus of vaccinia 
are discussed and a different interpretation suggested, based upon 
the assumption, that the virulence of a certain strain of virus is 
connected with the presence in the elementary bodies of an activator, 
necessary for the incitement of infection. 

An identical experiment was carried out with the FA strain of 
mouse poliomyelitis virus. An analysis of this experiment showed 
that a group of animals could be recognized, in which the infection 
was probably incited by a single virus molecule. This observation 
formed a basis for the fmrther discussion, which led to the conclusion 
that the virus must appear largely as aggregates of elementary 
particles, and that this aggregation might be reversible on dilution. 

The same observation was very valuable as a point of departure 
in attempts to explain the connection between the amount of virus 
inoculated and the ensuing incubation period. It was. assumed that 
an inhibitory influence upon the multiplication of the virus is exerted 
by intact ganglion cells and also transmitted to neighbouring cells. 
The degree of this cellular resistance against infection might be 
connected with the intensity of metabolism of the cell. 

Chapter V gives a description of the purification of murine and 
human virus from brain and spinal cord. Through a combination 
of salting-out and differential centrifugation, preparations were ob- 
tained from infected mouse brains, the activities of which on a weight- 
by-weight basis were up to 200 000 times that of the starting material. 
In sedimentation analysis all preparations concentrated above a 
certain limit showed the presence of a component with a sedimenta- 
tion constant of the order of 150—160 x 10~^®. No such constituent 
was recovered from normal brains. The pmest preparations were 
homogeneous in the ultracentrifuge. The rate of sedimentation 
increased with the degree of purity and was higher in salt solutions 
than in distilled water. The sedimentation constants recorded were; 
less pure material in distilled water S2o = 150 x pure material 

in distaied water 820 = 162 x 10“^®, in 0.05 m sodium chloride 

S 20 = 181 X 10“^®. 

The sedimentation of the virus was studied in the separation cell 
by means of activity measurements. The sedimentation constant 
of the biologically active component was determined to s„n = 162 x 

10 - 13 ^ 
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Tie titration data revealed tie pteaenoc in crude brain efljM, 
of inhibiting substancee Hot combming rritJ. the virus in » 
were destroyed by digestion with pancreatic juice. As fc 2 
not present m extracts of normal brain they might . have some cm. 
nection •with the tissue immunity. 


When spinal cords from cases of human poliomyelitis were purified 
according to the same method, small amounts of a similar component 
•were obtained, which was not present in normal brain and spinal 
cord identically treated. The sedimentation constant was deter- 
mined to Soo == 150 X 10~^®. 


The yield of substance averaged 0.6 y per mouse brain and a total 
of 0,1 mg from 11 human spinal cords. 

In chapter VI the purification of feces and intestinal contents 
is described. The method of purification •was essentially tlie 
same as that applied to nervous tissue. From human stools, 
preparations consisting of three main components were obtained. 
One of these resembled closely the substance obtained from infected 
nervous tissue. Its rate of sedimentation -was dependent upon its 
concentration and the salt content of the solution. The limit value 
of the sedimentation constant was estimated to Sjo = 165 x- 
in distilled water, and Sjo = 220 x 10”^® in 0.05 m sodium chloride 
solution. A certain amount of impurities, probably attached to tie 
main component in the form of an adsorption compound could not 
be removed through differential centrifugation in distilled water or 
dilute sodium chloride solution, but was eliminated by treatment 
with 0.4 m ammonium sulphate. A pure preparation of this com- 
ponent had retained presumably all of the original •virus activity. 

However, an identical substance could be isolated not only &om 
all cases of poliomyelitis examined, but from healthy contacts an 
from normal controls as well. The yield was practically constan , 
about 1 mg per 100 g of solids, regardless of the origin o 


specimen. 

In feces from normal mice a component of the same type 
present. The yield corresponded to an excretion of 0.01 mg P ^ 
mouse and day. The pure preparations from young animals ^ 
typical poliomyelitis when inoculated intracerebrally, t e 
being 100—1000 times that of the starting maternal. ® 

derived from old animals was inactive even if inoculate m 
quantities. 
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The purified intestinal virus showed no interference phenomenon 
when inoculated together with the virulent encephalitogenic FA 
strain. Addition of the intestinal virus increased the activity of a 
FA preparation as would an additional amount of the FA virus 
itself. Preparations from old animals, in themselves inactive, had 
a similar, although less pronounced, enhancing effect upon the FA 
strain. 

Feces from a number of other animal species were examined for 
the presence of similar substances. No such components were ob- 
tained from guinea pigs and white rats. Small quantities of a pre- 
sumably identical substance were detected in the intestinal contents 
from three pigs, and large amounts were constantly recovered from 
the feces of wild brown rats. Repeated tests for activity of these 
preparations in monkey, brown rats, and white mice were negative. 

In chapter VII some experiments on purified material are reported. 
The diffusion constant of the substance derived from infected mouse 
brains was determined to Dgo = 0.32 x 10~^. The intestinal com- 
ponents from man, the white mouse, and the brown rat were found 
to have the same diffusion constant Dj,, = 0.11 x 10"'^, On the 
basis of these values and the corresponding sedimentation constants, 
and on the assumption of cylindrical and non-hydrated molecules 
the following characteristics were computed. Material from nervous 
tissue; molecular weight 57 x 10®, particle size 12.5 x 580 mp. 
Intestinal material: molecular weight 200 x 10®, particle size 12.2 x 
2160 mp. 

A pure preparation of intestinal material of human origin was 
examined for ultraviolet absorption. It showed a relative maxium 
of absorption in the range of 2600—2700 A and a practically com- 
plete absorption of wavelengths below 2400 A. A chemical analysis 
of the same preparation gave a nitrogen content of 16 p. c. and a 
phosphorus content of 0.6 p. c. Thus, the substance was probably 
a nucleoprotein. 

In immunization experiments on rabbits, the intestinal proteins 
proved to be antigenically active and specimens from man, the white 
mouse, and the brown rat showed serological relationships. 

Electron optical observations on the purified materials revealed 
the presence in all specimens examined of filamentous structures 
of imiform appearance. The width of the fibres was estimated to 
about 15 mp,. The length varied considerably and seemed to be 

11 — 43200. S. Oard. 
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dependent to a certain extent upon tlie state of purity of tlie specimen 
The purer the material, the longer the fibres. Simultaneously a 
tendency to aggregation side by. side could be detected. Through 
a statistical evalution of the particle lengths it was assumed that 
the fibres were composed of a varying number of smaller units, 
the length of the elementary particles being estimated to a,bout 
115 m(x. 

In chapter VIII the results are summarized and discussed. On 
the basis of the discussion it is concluded that the substance ob- 
tained from infected mouse brain must be regarded as the pure 
virus protein. A comparison with the plant viruses reveals many 
interesting similarities. 

Likewise the corresponding component of preparations from spinal 
cords of human cases of poliomyelitis probably represents the human 
virus protein. The investigation has further corroborated the as- 
sumption of the close relationship between the human and the murine 
virus. 

The purification methods are discussed. The saltmg-out procedure 
gives a purer product. The differential centrifugation preserves the 
original physical state of the material, but gives a less pure product. 

In a discussion of the nature of the high molecular intestinal 
protein it is pointed out that final conclusions cannot be dravm, 
as the evidence is still incomplete. A theory is advanced according 
to which this substance is regarded as a virus, ordinarily non-neurotro- 
pic but under certain conditions developing neurotropic properties. 



Appendix. 


1) Hospital record numbers of patients from which material was collected. 
The letters denote: A = Medical School Hospital, Upp.sala; B = Hospital of 
Epidemic Diseases, BollnSs; G = Hospital of Epidemic Disca.sc.s, Guvle; 
S = Hospital of Epidemic Diseases, Stocldiolm; U = Hospital of Epidemic 
Diseases, Uppsala. 


Brain and 


F 0 C' 0 8 



spinal cord 

Poliomyelitis cases 

Controls 

A 1722/41 

S 2074/41 

U 269/42 

A 

179/42 

U 201/41 

S 2085/41 

U 200/42 

A 

220/42 


S 2080/41 

U 201/42 

A 

378/42 

B 121/42 

S 2092/41 

U 204/42 

A 

462/42 

B 12C/42 

S 2090/41 

U 206/42 

A 

404/42 

B 133/42 

S 2714/41 

U 272/42 

A 

482/42 

B 147/42 

A 24/42 

U 273/42 

A 

620/42 

B 162/42 

A 340/42 

U 274/42 

A 

656/42 

B 163/42 

A 413/42 

U 277/42 

A 

672/42 

G 100/42 

A 612/42 

U 283/42 

A 

01.3/42 

G 19G/42 

G 174/42 

U 284/42 

A 

029/42 

S 1893/42 

G 179/42 

U 288/42 

A 

070/42 

U 329/42 

G 180/42 

U 201/42 

A 

071/42 


G 182/42 

U 292/42 

A 

707/42 


G 184/42 

U 297/42 

A 

1277/42 


G 180/42 

U 301/42 

A 

1724/42 


G 207/42 

U 319/42 

A 

1726/42 


G 209/42 

U 320/42 

A 

1763/42 


G 211/42 

U 326/42 

A 

1780/42 


G 214/42 

U 332/42 

A 

2001/42 


G 210/42 

U 344/42 

A 

2458/42 


G 217/42 

U 262/42 

U 263/42 

U 268/42 

U 340/42 

U 347/42 

U 303/42 

A 

2474/42 


Material was collected from one further lethal case of poliomyelitis the 
father of patient B 147/42, delivered to the Province Ho.spifal, BoIInus,’ but 
never filed in the records. Sections of the spinal cord from this case wore 
examined microscopically and showed typical poliomyelitic lesions. 
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2) Formulas jtscd: 

Chapter III, page 65. Quotient of two non-correlated means 

Standard error of quotient 

Chapter VII, page 134. Correction of sedimentation constant to 
demsity and viscosity of water 

1 - 7 • 0.9982 

^COtT ®ObB ' V ' ^ Y ~ 


7 ) being viscosity of solvent, q specific gravity of solvent and V 
specific volume of the substance. 

Concerning the formulas for calculation of molecular weight, 
frictional ratio, and axial ratio, the reader is referred to T. Sved- 
berg and K. Pedersen: The Ultracentrifuge (146 a). 
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"With rei'crctice to the presence of coronary diseases, the pella- 
are recorded in groups according to age and sox in tabic III. 

Table IV is a .summary of tlie age and sex distribution of pellagra- 
canliograms; 10 series of tracings included in table II are omitted, 
.-even noruud ones and three otliers influenced by coronary insuffi- 
ciency. The table shows, that in the group of younger pellagrins, 
aiuiurnial tracings are not less frequent than in the group above 
bO year.s. i fence the statistical analysis confirms the fact derived 
jh«mi the jjidividual examination of every pellagrin, that coroirary 
<!iM\tse played no major role in shaping the abnormal cardiogram.s. 

'I’ablu V stuumarizes the development of the pellagra-cardio- 
gram in treated pellagrins. 

I'able rt-fer-s to tlie cases of columns 3, 4, 5 and Ga of Table 
If. However, three of these patients are omitted, owing to in- 
couiolete data. Trom the remaining 24 patients the cardiograx^hic 
<!mg;lopt!!ent m 29 courses of treatment is registered. Some 
TM-liagrins are regi.stered more than once, if treated at various 
iiuuai by the .same or by different xirocedures, for instance with 
niaein oiily at one time, with niacin and yeast in a subsequent 
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ih;rmg {reatnu-nc with nicotinic acid the cardiograms became 
r.urnad only in a certain number of x>ellagrins, even if the other 
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pedagiuus plienomena disapxieared. 
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In the oilier caj-e.s the normajjsatiou of the tracings remained 
mtoun.'leie in .ipir« ui prolonged treatment. 
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PLATES 



Plate I 

Mouse poliora3’elitis 


a) Animal experimentally infected with strain UF I. Partial paralysis of 
the hind legs. 

h) Section of brain cortex. Perivascular cuffing. (Strain UF I.) Magnifi- 
cation lOQx. 

c) Section from the region of the fourth ventricle. Perivascnlat cnftiug, glial 
reaction and ronnd cell infiltration, nenronophagia. Plexus chorioidens 
intact. (Strain UF I.) Magnification lOOx. 

d) Section of spinal cord. Perivascular cuffing and ronnd cell infiltration in 
anterior horn. (Strain UF 1). Magnification lOOx. 

e) Section of spinal cord. Nenronophagia. (Strain UF I.) Magnification 900x. 

f) Section of spinal cord. Perivascular cuffing, scattered infiltration, neurono- 
phagia. (Strain FA.) Magnification lOOx. 

g) and h) Animal experimentally infected with strain FA. Fit of »iitter-l)ug 
disease*, clonic convulsions. 

i) and k) Sections of hrain cortex. Intense reaction with perivascular cuffing 
and scattered infiltration. (Strain FA.) Magnification lOOx. 
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Plate III 


with permission of the Siemens nnd Halske A.-G. quoted from 
Garcl: Arldv for Kemi Bd 17 B, no. 1 (cf. 49). 

a) Neurovirus from mice. Impurities attached to the fibres. Electron optically 

22000 : 1 . 

h) Neurovirus from man. The finely dispersed »carrier .snhstance» blurring 
the outlines of the fibres. Electron optically 24000: 1. 

c) Intestinal protein from mice. Gel structure in concentrated material. Elec- 
tron optically 26000: 1. 

d) Intestinal protein from mice. Bundle formation. The arro^YS indicate ends 
of individual fibres. Scattered single and double molecules visible. Elec- 
tron opticallj' 23000:1. 

e) Intestinal protein from mice. Carrier film disrupted, filaments under tension 
largely deformed. Electron optically 23000: 1. 

f) Intestinal protein from man. Impure. Particulate matter enmeshed in the 
network. Electron optically' 27000:1. 

g) Intestinal protein from man. Medium purity. I.ow molecular material ad- 
sorbed on the fibres. Electron optically 26000: 1. 

b) Intestinal protein from man. Highly purified. Bundle formation. Electron 
optically 22000: 1. 
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deficiency and in. clinical pellagra, associated or not "witli cardiac 
symptoms, has been definitely proved. 


Absence of ‘parallelism between the electrocardiographic alterations 
and other pellagra manifestations. 

In the pathogenesis of the pellagra-tracing, the absence of 
parallelism between the general trend of the disease and the 
cardiographic alterations is a further unsettled problem. 

The fact has already been noted by Weiss & Wi linns (29). 
They observed severe heart failure with or without abnormal 
tracings and in other cases cardiogi-aphic alterations without 
cardiac symptoms; they noted similar irregularities with reference 
to anatomical myocardial damage. In the induced thiamin de- 
ficiency of rats Weiss, Haynes & Zoll (30) found in different 
experiences with the same animal various patterns of cardio- 
graphic deformations or absence of abnormalities. 

We encountered the same lack of conformity in pellagrins. 
Actually we have never seen serious pellagra of longer dm'ation 
without abnormal tracings; this could be anticipated, since pellagra 
cardiograms were present in three quarters of the patients; 
however, there was no relation between the presence or intensity 
of the cardiographic changes and the dm’ation, severity or pre- 
dominant locahsation of the pellagra manifestations. During treat- 
ment there was mostly a parallelism between the electrocardio- 
graphic development and the general trend of the disease; howe- 
ver, we have reported several notable exceptions. 

We assume, that these irregularities are due to the interaction 
of other B-factor deficiencies; deficiency of a second factor can 
foster as well as prevent the production of myocardial damage 
produced by a primary deficiency; this unexpected fact is shown 
by experiments of Tollis, Orent-Keilles & McCollum (6), of 
Bollis (I) and of Thomas, Mylon <fc Winternitz (27). 

The question, if protein deficiency — a frequent condition in 
pellagrins — modifies the influence of B-factors on the cardiogram 
has not been systematically investigated. In a case of extreme 
hypoproteinemia, however, observed by Killian & Ingelfinger (12) 
the tracing was normal. 

3Ioreover the speed of the depletion has a bearing on the 
clinical phenomena of a deficiency disease. This was experimentally 
shown by Swank and Bessey (25) in the thiamin deficiency 
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Introduction. 


The class Eumi/cctes or true fungi has l)ccn subdivided into minor 
groups, according to their methods of sexual rcprodviction, but' 
there is one large grouj), the Euufft JiwpcTfccii, about* which no m(dhc>d 
of sexual reproduct.ion has been demonstrated. It. is to this group 
that most of the pathogenic fungi' important in medicine, belong. 
Many attempts have been made to cla.ssify these fungi, partly through 
their growth under certain conditions, partly through their capacity 
to disintegrate carbohydrates, by their serological qualities, and 
by their pathogenity in animal inoculation. But as yet no satis- 
factory solution of this problem has been found. The chief reason 
for this is the extreme phleomorphism in the fungi in (piestion. 
o.specially in cultures. The indefinite classification has entailed 
confusion in taxonomy. As regards tests at. classification and 
taxonomy of the various yeast-like fungi, reference is made to 
monographs and major treatises on the subject iu question, e. g. 
Lafar (G4). Yuillcmin (134). Castellani and Chalmers (23). Partorv 
(107), Bencdek (8), and Conant (20). 

Yeast-like fungi have by many authors been demon.strated in the 
human body, particularly iu morbid conditions, and they have by 
many been shown to be capable of being the cau.se of .such. If is of 
c.special interest to note that a yca.st-likc fungus has been pointed 
out as the mother-organism of Koch's bacillus. This ojjinion. which 
was advanced in 1012 by Beenstierna (08, 103), was based partly 
upon findings of .such fungus in different t'»d)orculous material, partly 
upon his observations that the fungus in question (single cell cul- 
ture) was able to produce acid-fast rods. Further investigations 
in this matter have been carried out by Gullberg (41) in 1033— 
1035, but these were broken off by his death. My interest, in this 
sphere of research was then aroused and was further incited when, 
in the j'ear 1935, I could c.stablish in a tubercle bacillus culture the 
appearance of fungus cells some of which contained short acid-fast 
rods. 
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As our knowledge of yeast-like fungi, especially tkeir capacity 
to produce acid-fast rods, must as yet be looked upon asrathei 
circumscribed and limited, an investigation into tbe subject seemed 
to me as likely of being of some value. 

Tbe initial material for my research consisted of five strains o! 
fungus of yeast-type, isolated from patients either suffering from 
pulmonary tuberculosis or imder observation with a suspicion 
of such. 

In the investigation I have wished to study in the fungus strains: 

a) some of their morphological, tinctorial, and biochemical proper- 
ties, as well as their ability to produce acid-fast rods in culture: 

b) their pathogenity in intravenous inoculation into rabbits and 
their ability to produce acid-fast rods in the animal organism; ant 

c) to investigate the pathogenity of the acid-fast rods obtained. 



CHAPTER I. 


Historical Survey. 

Yeast-like fungi of various species occur very conuuonly iu nature. 
As regards their occurrence in a licallliy Inunan being, opinions 
differ. Thus Todd (12G) by way of e.xainplc slates that in 1937 he 
found in the mouth or throat of ROOD licalthy persons a fungus of 
yeast-type in 14.7 per cent, and Knighton (55) that in 1939 he had 
been able to demonstrate a similar fungus in 3G.9 per cent of the 
oral cavities c.vamincd. Pijpcr (91). on the other baud, declares in 
a work in 1923, first by reason of his own experience, and second 
as the result of investigations in 1922, by Kiistcr (G3) and Bloomfield 
(14) as well as Wall (128) in 1923, that yeast-like fungus is no 
common micro-organism in the mouth and throat of health)’ human 
beings. Even in other parts of the human body such fungus has been 
mentioned as normally occurring, in the ventricle and also in the 
whole intestinal region, in the skin, in the lachrymal fluid, etc. 

A remarkably large literature exists about the occurrence of yeast- 
like fungus in morbid conditions, when the fungus has been looked 
upon either as a cause of disease or as a secondary invader. As is 
well knoM’n. Langenbeck (GG), discovered in 1839 in thrush such a 
iungus, which Berg (10) a few years later proved to be the causative 
agent of this affection. 

As is to be found in a survey by Plant and Griitz (95), also ani- 
mal experiments have been carried out, by several investigators, 
with fungus strains isolated from thrush, probably not belonging 
to one and the same species. — Cf. Tanner’s and Back’s statement 
(125). — Regarding e.xperiments with intravenous inoculations into 
rabbits, the following may especially be mentioned: 189G Ost row- 
sky (87) could establish a rise in temperature (up to 41.2° C) with 
ensuing hypothermy (down to 33° C) which still existed at the ani- 
mals death rvithin i days; 1897 Steiner (117) observed, besides my- 
cotic changes of the pectoral and abdominal organs, even such in 
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the central neryons system; Bnss (16) in IMS showed that H, 
fungus coutamed endotoxins and was able to produce ectotonae 
Krauspe (89) in 192Y also proved the existence of endotosms aai 
found that these made the animals cachectic. Although not stated 
that the yeast-like fungus used in his experiments (intravenous 
inoculations into rabbits) originated from thrush, the interesting 
establishment by Stock (119), in 1908, of the appearance of ocuk 
changes in the test animals should be mentioned in this connection, 
Tlie ocular changes were: Conjunctivitis follioulosa, focal iritis, cyclitis 
and chorioiditis disseminata, focal affections in the retina, witt 
delimited retinal loosening (clinically the affection was reminiscent 
of retinitis proliferans), as well as perineuritis nervi optici. 

As to other morbid conditions in which the occurrence of yeast- 
like fungi have been established — vide some recently published 
surveys by Mitchell (81), Baker and Brian (5), Benedek (8), Sjo- 
vall (115) — the following should here be inentioned; ulcus ventri- 
culi, where in 1922 Frank (S7) and Cafasso (17) found such a fungus 
in more than 50 per cent; faeces in tropical sprue, stated by KoW- 
brvigge (56) in 1901, by Anderson (1) in 1917, and by Ashford (3) 
in 1929; vaginal affections, skin diseases, heart lesions, and tlic 
central nervous system; corneal a'^fections, demonstrated in 1898 by 
Stower (124) and in 1900 by Lundsgaard (71); lower eyelid (tuber- 
culoid changes but without tubercle bacilli), described in 1928 by 
Ferguson (33). 

With regard to lung affectimis, numerous findings of various species 
of yeast-type fimgus have been reported. Thus for example Stovall 
and Bubolz (121) state in 1929 that from the sputum of 100 pati- 
ents with pulmonary conditions they had isolated 40 strains of yeast- 
like fungus forms. Many investigators have considered the fungus 
as the causative agent of the disease; In 1898 Artault (2), 1905 
Castellani (18); 1913 Forgnes (36); 1914 Mautner (76); 1915 Boggs and 
Pincoffs (15); 1917 Pijper (90) and Simon (114); 1919 Magron (d); 
1920 Castellani, Douglas, and Thomson (24), Chalmers and MacdonaJd 
(25), Jacono (49), and Nathan (86); 1921 Mendelson (79); 1922 Sartoiy 
and Moinson (108), Servet (113); 1923 Farah (31), Joekes and Mp 
son (50), Pijper (91); 1926 Nasso (85), Kotkis, Washowiak, and 1 er 
sher (68); 1927 Wallace and Tanner (129); 1928 Galbreath and 
(39), Stowall and Greely (123); 1929 Grossiand Balog (40), 
and Chu (62); 1930 Panayotatou (88), Stokes, Kiser, and Smith ( h 
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1931 Warr (130); 1933 Stowall and Bnbolz (122), and Borgman, 
Danielsson, Ottander, and Sclincll (11); 1934 Bakst, Hazard, and 
Foley (6); 1935 J., R., and Z. Flinn (35); 1937 Blade and Eddy 
(13), Davis and AVarren (29), R. and J. Flinn (34), Spreng (116), and 
otlicrs whose papers I have not had an opportunity to study. 

Castellani’s works (18, 19) of the years 1905 and 1910 have been 
looked upon as the first contributions of any importance to our know- 
ledge of bronchial mycosis caused by yeast-like fungus. He elucidated 
there that the disease which was common amongst the tea -workers 
in Ceylon, and passed under the term of “teatasters’ cough” and 
“tea-factory cough”, was cau.scd by a fungus, generally of yeast- 
type. Since then a large literature on pulmonary affections, which 
have been considered as being caused by such a fungus, has been 
published, and especially in recent years it has increased greatly 
but without anything like uniformity in the taxonomy. In the 
literature in the English language the term broncho-moniliasis has 
gcnerallj’- been used, inasmuch as the cause of the affection had been 
considered cither the Genus Monilia, according to Castcllani’s and 
Chalmers’ Tablc^ (23) or according to Benham’s (9) expression 
"monilia in a medical sense”, i. c. all 3'cast-likc, filamentous fungi. 
The term Blastom3’’ccs has been used especially by American patholo- 
gists to express a budding fungus of yeast-type. A good illustration 
of the deplorable confusion is Vuillcmin’s statement: “11 cxistc bien 
un genre Blastomyces, mais, quclqne ctrangc quo cetto assertion 
paraisse, les Blastomyces ne sont pas de Blastomycetes.” 

So-called primar}’’ broncho-moniliasis has by Castcllani been di- 
vided into three degrees of gravity, viz. mild, intermediate, and grave, 
and has in the main been described in the following way: In the mild 
type the patient’s general condition is unaffected and there is no fe- 
ver. The trouble consists of a slight cough with mucopurulent ex- 
pectoration, often scanty ajid only in exceptional cases tinged with 
blood. AVith physical investigation at the outside the ordinary signs 
of bronchitis are found. The intermediate type is characterized by 
a slight bronchitis and slight fever of long duration. The more or 
less troublesome cough is frequently of a paroxj'smal character, 
occurring in the mornings and at night, sometimes also moderate 
dyspnoea. I n the grave form the symptoms, the same as the entire 

Tho clofinition of tlio Goiiiis ffronilin is. nccording to Cnstclinni’s nnd dial- 
mere own statemont, vague. 
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clinical picture, and many times also tlie X-ray picture, are in full 
agreement with pulmonary tuberculosis. The patient has acute 
fever attacks, progressive emaciation, night sweats, pains in the 
chest, troublesome cough, and sometimes dyspnoea, as well as re- 
peated haemoptyses. The sputum is mucopurulent, of varying 
quantity, but mostly considerable. Anaemia exists frequently to a 
fairly high degree, occasionally also eosinophilia and some time an 
increase in the white corpuscles. With physical examination the 
same findings can be obtained as in advanced pulmonary tubercu- 
losis. The X-ray picture may show pleural congestions, enlarged 
hilus shades, large cloudy infiltrations, generally in the lower parts 
of the lungs, but some times also in the apices. Cavities are also 
occasionally met with. The different symptoms and findings by in- 
vestigation may vary to a high degree, and a primary diagnosis of 
fungal infection in the lungs cannot be made at the bedside. 

Even the pulmonary affections in those cases where the causative 
agent by the respective author has been classified as a hlastomycete, 
have shown great likeness to tuberculosis, which is apparent, by 
way of example, from the following statement by Servet in 1922 
(113): “Cliniquement, rien ne ressemble plus a la tuberculose que 
les blastomycoses pulmonaires.” 

A few accounts of autopsical findings in cases with pure broncho- 
moniliasis, thus without the occurrence of other micro-organisms 
which may be looked upon as causative agents, have been published, 
viz. in 1915 by Boggs and Pincoffs (15); 1921 by Mendelson (79); 1931 
by Warr (130) and in 1937 by R and J. Elinn (31). In the case re- 
lated by Boggs and Pincoffs there was present also a cancer mammae 
sinister with abscesses, which communicated with the cavity .of the 
chest. These authors give a description which agrees with that for 
an acutely or suhacutely pneumonized lung. A similar picture seems 
to have been present in R. and J. Elinn’s case, pneumonic areas 
in both upper lobes and left pleural effusion. They desen e 
furthermore in the brain yeast colonies on the surface, 
delson’s case showed in the affected upper lobe small tuberc <: , 
which in reality were mycotic tumours without necrosis, an s c ^ 
out as very prominent masses. In the interesting case 
by Warr the left lung especially was adherent to the thorax, 
playing a severely congested pleura visceralis. The patien 
previously suffered from pleuritis. — The lung showed a dimmu 
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in volume to about onc-third the normal size, and was of firm con- 
sistency. It. was pervaded by cavities, the. largest about, d cm in 
diameter, and cacb connected with a bronchus. .Ihese ga\e the lung 
a cheese-like appearance. Most of the cavities were smoothly lined 
and many were filled with a clear, jelly-like material. Jheie was 
but little' air-bearing in cither lobe. In the right, lung c-visted analo- 
gous changes, though less pronounced. The microHco])ical ]ncture 
showed nothing characteristic. In a survey-work in ]f)27, with the 
title “Notes on Certain Bronchomycoscs Which may Simulate Pul- 
monary Tuberculosis”, Castcllani (21) points out. in pulmonary blasto- 
mycosis^ the anatomo-pathological similarity to tuberculosis. The 
lungs may be seen to be studded with n\imcrous white nodrdes. 1 he 
cut-surface may show a purulent fluid, and chee.sy material may be 
expressed from the involved region. Cavities of various sizes may 
be present. Histologically, central necrot ic areas are seen surroumlcd 
by a zone of granulation tissue, in which giant cells arc found, some 
of which seem to contain blastomyces. 

The dingnos'is of broncho-moniliasis is based on finding.s of yeast- 
like fungus not only in smears from the sputum but also by culture. 
Moreover, it is required that the fungus should be present, in 
fairly largo quantities, and increase in number.s with the ])rogrcss 
of the disease. The i.solation of fungi from sputum has as a rule been 
done by .sprcaditig in plates of a .sugary medium. The simiilest method 
seems to me, however, to be the one mentioned by Pij])er (01) in 
1923, who made use of the tolerance in yeast-like fungi of such a 
high degree of acidity, that bacteria do not endure it. He trans- 
ferred the sputum from cases of broncho-moniliasis to media with 
ph 2, where the fungus grew, but not the bacteria existing in the 
sputum. 

With regard to the diagnosis of broncho-moniliasis, it is jnost 
important to be able to exclude other pidmonary affections, and 
then particularly tuberculosis. In order to facilitate the diagnosis. 
Castcllani has recommended intra-pulmonary inoculations into rab- 


' Cnstollnni’s paper tlio 131nstoinycp.s arc (■Immclcrii’cd in (lie followiiif; 
innnnor: In tlio le.sions Ini-f'o round or oval ccll.a nro pitvsent. with an pxcppd- 
■agly yell-marked douljlo contour and with protopla.sm very grniuilar. Xo 
mycelium occurs in the le.sions. Cultures may present a Ilutfy apiiennmce 
(duo to aoreal hyphno) and contain a large amount of mycelium. Asci have 
been desenhed by certain nuthor.s. They do not produce pas fernieiitatioii of 
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bits of the isolated fungus. Tests have been carried out with compk 
ment fixation and agglutination reaction, using serum and funoal 
strains isolated from the cases in question. Farah (31) states^ 
1923 that he had succeeded in obtaining positive agglutination n 
action, while in 1929 Grossi and Balog (40); as well as Hoffstadt 
and Lingenfelter (47), noted that the fungus cells showed spontaneous 
agglutination. Complement deviation was obtained in 1923 ty 
Farah (31) and Steinfield (118), and in 1929 by Hoffstadt and 
Lingenfelter (47), and also in the same year by Kurotchkin and Clni 
(62). Negative results have, however, according to several authors, 
been stated. Tests for using skin reactions as an aid in diagnostics 
have also been made with varying success, and in regard to this sub- 
ject the reader is referred to Balog and Grossi’s (7) investigations 
in 1929. 

As regards the prognosis of broncho-moniliasis, the mild type map 
result in a spontaneous cure, while the intermediate type may 
heal spontaneously after a long timej although often with' exacer- 
bations, or pass into the grave form, which, terminates fatally. Tbe 
ordinary therapy, which according to statement seems to have bad 
the greatest effect upon not foo severe cases, is potassium iodide in 
large doses. Furthermore, autovaccin is also by some authors said 
to have excercised a certain amount of influence, but this is denied 


by many. 

As has been stated in the preceding, tuberculosis has been most 
important as being capable of exclusion in diagnosing broncbo- 
moniliasis. In several instances yeast-lilce fungus has been met 
with in sputum together with tubercle bacilli: In 1920 Casteilani, 
Douglas, and Thomson (24); 1921 Macfie and Ingram (72), Mendelson 
(79); 1923 Joekes and Simpson (50), Pijper (91); 1926 Kotkis, Wasbo- 
wiak, and Fleisher (58); 1929 Craig (27), Marett (75); 1931 lYarr 
(130); and in 1937 E. and J. Flinn (34). As a rule, the fmgiis 
was then looked upon as a secondary invader to Kochs aci 
lus, while one or another considered they had reason to aosum 
the contrary, Pijper (91), R. and J. Fluin (34). In his pape 
1929 on yeast-like fungus forms in chronic lung infections a 
tells us, that in his systematic differential examinations o sp^^^' 
from 304 patients, he had found 62 to be negative both to tu cf 
bacillus and fungus infection; of the remaining 242 patients, 
per cent were infected with tubercle bacilli only, 27.27 per 
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vritli mixed tubercle bacilli aud fungus of ycast-type, and 65.11 
per cent only with the latter. Marctt emphasizes the importance 
of the fungi so strongly, that he says “that in cases in which fungi 
arc not present the patient is usually not so much a sufferer as a 
carrier of tubercle”. Kristenson (60) who in 1940 examined sputa 
from patients suffering from pulmonary tuberculosis (104 cases) and 
from patients without any clinical signs of actual tuberculosis (174 
cases) found a yeast-like fungus in 2 per cent of the first group and 
in 5 per cent of the latter. 

Several animal experimental investigations have been carried out 
for the purpose of ascertaining the pathogenity of yeast-like fungus 
strains isolated from sputum from cases of pulmonary affections. 
Most suitable as test-animals seem to have been rabbits, ruts, and 
mice, while monkeys and guinea-pigs liave sometimes proved suscept- 
ible, but dogs not at all. The results diverge to a high degree. Pijper 
(91), who in 1923 carried out tests with yeast-like fungus strains from 
cases of broncho-moniliasis, found that a quantity of 2,000 million 
fungus cells injected intravenously into a rabbit, with great certainty 
killed the same within 24 hours, and after about one week, if half 
the dosis was used. Smaller doses occasionally caused death, but 
usually the animals remained alive for weeks, showing very marked 
emaciation and loss of power in their hind limbs. If such an animal 
died after some weeks the fungus could be found in sections of the 
organs. The mo.st remarkable thing in such cases was the absence, of 
marked injlammalorii changes in such organs. It looked more ns if the 
fungus had been quietly growing in the organs, than that a real 
parasite had gained access. — Similar effects. I’ijpcr points out, have 
been recorded after subcutaneous injections of blastomyces by se- 
veral authors. — In his inoculation tests into rabbits Pijper obtained 
a high agglutinative titre and very marked powers of complement. 
fi.xation, but if in immunisation killed fungus was used, the result 
was negative, no matter how often and how large doses were used. 
Such results were also, according to Pijper, seen by Magalhacs. As 
a general rule such large doses seem to have been used, that the ani- 
mals in the case of intravenous and intrapulmonary inoculation died 
within a short period. 

After intravenous inoculation of yeast-like fungus strains isolated 
from broncho-moniliasis into rabbits mycotic metastases have gene- 
rally been obtained in most of the organs in the form of white. 



16 


raised nodules the size of about a pin’s head. Eedaelli ( 97 ) in 1924 ob- 
tained alwa 5 ^s such in the heart muscle, the spleen, the suprarenals. 
and the alidominal lymphatic glands. • According to Eedaelli tie 
fungus elements, being introduced into the circulation, either act as 
an embolus, and as such stay in the small vessels, obstructing them 
or they form a'small thrombus in the medium sized vessels, and from 
that fungus cells can develop and penetrate through the walls of the 
vessels into the surrounding tissues. The nodules consist in the centre 
of cells of chiefly haematogenic and lymphogenic origin, and in the 
peripheries of histogenic origin. Apart from the formation of nodules 
he also, mentions what he calls distant reaction in the organs, 
degenerative changes, especially in the heart and liver. Besides 
fatty degeneration he observed zones of real necroses in the liver. 
The nodules maj’-, e.specially in the lungs, after both intravenous 
and intrapulmonary inoculation of the fungus in question, be 
manifestly reminiscent of tubercles. They consist then of masses of 
small, white cells and polymorphonnclear leucocytes which decrease 
in numbers peripherally, and are surrounded by a ring of epithelioid 
cells, sometimes together with a few large, multinucleated giant 
cells, and also now and then foci may show caseous formation in tbe 
centre. Nodules resembling tubercles were noted even by other 


investigators, e. g. by Grossi and Balog (40) in 1929 (intrapulmonary 
inoculation into rats). Stokes, Kiser, and Smith (120), who in 1930 


inter alia inoculated rats suhcutaneorrsly and intraperitoneally with 
fungus from broncho-moniliasis, obtained histological changes which 
fully agreed with such as occur after inoculation of tubercle bacilli. 
The last-mentioned authors point out that the only difference 
between the changes obtained and tuberculous ones was, that they 
were able in the foci to prove fungus elements, but no tuherde 
bacilli. Magrou (74) relates in 1919, that he had inoculated rabbits 
intravenously with a yeast-like fungus from a case of pulmonar) 
affection, and in one rabbit, which died after 5 days, found in the 
kidneys inflammatory nodules of polynuclear cells, and in the centre 
a felting of mycelial filaments surrounded by a ring of acid-fast, 


claviform formations. 

Lim, Kurotchkin, and Wu (70) inoculated, in 1930 some rabWs 
intratracheally with a yeast-like fungus strain from hroncho-moni 1 
asis, hut without result. It was not until after intravenous inocu a 
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bion of cliaulmbogra-oiP, wliicli destroyed, the parenchyma in the 
lungs, that the fungus cells were able to grow. In various inociilation 
tests into monkeys with a yeast-like fungus strain from a fatally 
terminating case of broncho-moniliasis, Eeiroann and Kurotchkin 
(104) in 1931 obtained a negative result, although for the destruction 
of the lung-parenchyma pulverised glass, chaulmoogra-oil, etc. had 
been used. 

Many other animal experimental investigations have been carried 
out with yeast-fungus forms from cases of pulmonary affections, 
which nevertheless would take far too much space to record, for 
which reason the quotations must serve more as illustrating examples 
of the results of investigations in question, than an exhaustive de- 
scription. 

Although, as is seen from the preceding statements, the fungus in 
question has many times been met with in tuberculous material 
containing Koch’s bacilli, or in changes which arc strongly remini- 
scent of sueh as occur in tuberculosis, and also that inoculation into 
animals many times has caused changes that agree with tubercu- 
lous ones, the fungus has not been brought into any connection what- 
soever with tubercle bacilli, although this is extremely near. 

The first to emphasize a real relation between a fungus of ycast- 
oidium type and Koch’s bacillus, was Eeenstierna who, through keen 
observations proved that the fungus in question was able to produce 
acid-fast rods (98 — 103). His way to this conception passed via 
observations of the causative agent of leprosy. 

Thus, in Pebruary, 1912, he isolated a mycotic non-acid-fast 
micro-organism from the blood of a patient suffering from nodular 
leprosy in the acute stage. Growing in a special fluid medium, it 
formed, besides solitary large prickly cells, chiefly long chains whose 
links partly resembled small yeasts (PI. Ill, fig. 1) and, furthermore, 
were able to acquire acid-fastness, thus resembling Hansen’s bacilli 
(PI. Ill, fig. 2). His cultural and animal studies convinced him that 
the micro-organism in question was the fungus that causes leprosy, 
and of which the bacillus of Hansen is merel}’' a part. 

The bacillus of Hansen and that of Koch being as like each other 

ns Frazior and Oicn (38) Imvo shown in 
jyjo, extensive lung damage when injected intravenously into rabbits. 

2—4372. E.lloUstrom. 
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as twins, Reenstierna concluded ■ that a • “mother-iragus” of ti 
latter must also exist, and that the same should also be yeast-]fo 

He then began, in June 1912, to examine different tuberculous 
•material and was able to establish the occurrence, in sputa and 
uretero-catheterized urines, of a fungus of yeast-oidium type -nHcli 
was isolated and studied in single cell cultures. In October of the 
same year he made extremely interesting discoveries: In two single 
cell cultures (glycerin boullion) of the fungus — originating from tbe 
sputum of a patient suffering from pulmonary tuberculosis — there 
had a f feared in between the non-acid-fast fungus cells, acid-fast 
rods which morphologically and tinctoriaUy were indistinguishable 
from the bacillus of Koch. Moreover, as the plates in one of Eeen- 
stierna’s papers show (103) — also reproduced in a paper by Gullbeig 
(41) — the rods were disposed in small groups, the size and shape of 
which were, in parts, those of an ovoid fungus cell. Finally, fungus 
cells in a state of disintegration were seen, leaving behind as a rem- 
nant different bacterial elements, i. e. the finest, almost invisible 
powder^, cocciform organisms, diphtheroids, as well as acid-fast rods 
of tubercle bacillus type. Briefly, the origin of the acid-fast rods 
had been proved to be the fungus. Inoculations into guinea-pigs with 
cultures of the fungus did not result in any tuberculous changes 
of the inguinal glands and internal organs. Some of the animals, 
however, died cachectic. Reenstierna himself thinks that the acid- 
fast rods in question are to be considered as merely pre-stages of 
Koch’s bacillus. 

Reenstierna’s observations were confirmed and extended by Gull- 


berg (41) in the years 1933—1935. Thus, in 1933, he isolated a non- 
acid-fast fnngus of yeast-oidium type from the sputa of two patients 
suffering from pulmonary tuberculosis, and also from the blood of 
a patient with high fever and erythema nodosum in his histor}. 
These three strains .were studied in single cell cultures. 

In glycerin boullion culture of two of the strains (one of them 
originating from the sputum, and the other from the blood) there 
appeared, more than a year after their isolation, acid-fast ^ 
Koch’s type. In the smears Gnllberg found inter alia fungus ce 
partly in granular disintegration, and in or around the destro}e 


^ Reenstierna dra'ws special attention to this powder,^ ^ tuber- 

no doubt filterable, passing “les bougies et le placenta (here i e 
culose; . . .) ...” 
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IVorking Hypothesis. 

The theory of er)d;hropoiesis now to be presented was suggested 
by my observations in circulating bloood. The stallc-like processes 
on the edge of the er 5 >throc 5 d;e disk seen so often in poildlocytosis 
are assumed to be real stalks by which the erythrocytes were once 
attached to the capillary wall. Figure 1 is a schematic representa- 
tion of the formation of poildlocytes as I presume it to take place 
( 11 ). 

As seen from the figure, staUdess blood corpuscles would be 
formed when the capillary wall is extremely thin, as in normal 
circumstances, A thickened wall, or at any rate an abnormally 
long distance between the mother cell outside the vessel and the 
erythrocjde inside the vessel would require a bridge between them. 
The adherence of this link to the cell when it is detached would 
explain the stalk-like process of the poildlocyte. The process 
would thus be a malformation which reveals something of the 
mechanism of erythropoiesis. 

This interpretation of the processes leads to a new interpre- 
tation both of the denucleation of blood corpuscles and of their 
manner of passage tlirough the vascular wall. 

By fitting in well-known morphologic facts with this working 
hypothesis, I shall now attempt to answer the qxiestion in the 
title of this article. 


Poikilocytosis. 

Irregularly shaped erythrocytes of all kinds are given the com- 
mon name of poildlocytes. They may have the shape of pears, 
bullets, amdls, molars or other objects (4). Most hematologists 
believe that poildlocjdes are formed secondarily in circulating 
blood under the influence of non-isotonic plasma. It is presumed 
that blood corpuscles of these irregular shapes are of inferior 
quality from the start (Ehrlich, Naegeli) (4). Schulten (12) stated 
that poildlocytes were artefacts produced when maldng the 
smears. 

Many attempts have been made to explain poildlocytes. Eb- 
becke (13) considered that they were forerunners of spherocytes. 
Schultz and Ending (14) observed budding off of protoplasm from 
megaloblasts in a case of pernicious anemia, and believed that 
this explained the development of poildlocytes. Shortly after- 
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md who shortly after birth had been B. C. G.-vaccinated, Gullb™ 
iound m smears from the empyemic pus yeast-like foegus cells 
and acid-fast rods. The latter, but not the former, were obtained in 
culture where they grew as Koch’s bacilli and, inoculated into 
guinea-pigs, caused tuberculosis. 

Pld y Armengol, 1931 (94) saw yeast-like elements in a 53 days old 
tubercle bacillus culture. »Similar ones seem also to have been ob- 
served by Minchin according to Pla y Armengol, who states in bis 
paper “. . . die von Reenstierna, von uns und von blinchin beob- 
achteten hefcformigeii Pormen”. 

Hollstrom, 1942, (48) in a 20 days old glycerin bouillon culture of 
a peculiar tubercle bacillus strain (capable of producing non-acid- 
fast, diphtheroid rods) was able to establish the appearance of yeast- 
like fungus cells, some of which contained acid-fast elements. 

It is of great interest that in 1941 Schaumann (109), and also Sebau- 
maim and Hallberg (110), have been able to establish in organs from 
cases of Lymphogranulomatosis benigna (Schaumann’s disease) the 
occurrence of fungus cells, which they assert as being quite similar 
to those described by Reenstierna in 1912, and, furthermore, that 
the authors in the organs in question, apart from such fungus cells, 
have also found acid-fast rods with the same morphological and tinc- 
torial properties as those of Koch’s bacillus. These findings are 
especially interesting in view of the fact that L. B. is by Schaumann 
regarded as being a disease of a tuberculous nature, though it does 
not seem to cause positive tuberculin reaction. The findings of acid- 
fast rods and fungus cells made have been enabled, or at least largely 
facilitated, by Hallberg’s new method of staining tubercle bacilli 
(42). Por with this method of staining a good many fungus 
elements prove to be acid-fast and the tubercle bacilli look larger 

and more distinct and are easier to find. 

In this connexion a disease in cattle, which in American literature 
passes under the name of “skin lesions”, is of interest. It is cbarac 
terized by cutaneous and subcutaneous resistances, generally loca se 
to the extremeties, the neck and the belly, which display microscop 
ically a picture that has great similarity to, and in many cases agrees 
with, genuine skin tuberculosis. They contain almost constaii y 
acid-fast rods,, which often to a high degree have the appearane 
of tubercle bacilli. They have been formd very difficult to cu 
and on inoculating into animals have not proved to he pathogen 
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nor have they called fortli jJOKitlve tiiherculin reaction, v/lileh Ik 
mostly found in animala v;ith lesion!-:. 

But it is of spechal ini/.-rest that Ifedstrdm f'l'l), as the first, Iti ifM 1, 
succeeded m isolating a ye.astdike fungus from these skin lesions, 
and corresponding lymph glands, which In appe.arance, ,acc/yrdlng i.o 
the description given, seems to agree with that descrlhed ly Jf/!en' 
Btierna, Hedstrdm has been able to cause v.'ith this fungus on hi- 
oeulation Into cattle changer-; of tissue of the same klfid as In "skin 
lesions", and to a large extent also tuberculin allergy. 

Even another fungus, than the one of yeast-oldlum type has l/een 
brought into direct connexion with Kochi'-: bacillu.'i, iJostal (''/)) 
in 1913 has namely by experimental research considered hims/-,!f 
able to prove the origin of an asperglllus from tubercle bacilli '/1,'< 
non-acld-fast, rmrxai.s-Ilke micro-organisms, Hhigle cell culture of 
the aspergillus in question caur-ed, on Inoculation Into one guinea- 
pig, tuberculous changes containing typical ICoeh’s bacilli. Ait 
emulsion of erusbed organs from tbi.s animal cau.se/1, on inoculation 
into two guinea-pigs, in its turn tul/erculosis, T/rifortunaf/dy, no 
pictorial material of Dostal's; mcficulously descrifie/1 tests is avail- 
able, 

A^rcording to V/ei,ssfeiler (131), Knderlein, too, is rej/uted to have 
ohtaineri a transition of tuberele baeilli if/ asj>ergillus arid also 
to have advanfxsi a theory' in which he vindicates the oj/iniori that 
the baeillus of Koch originates from an aspergiilus, V/eissfeiler docs, 
however, not render an aw/unt of tho':e fifidirigs uj/of/ widch Ef/d^-r- 
lein r>: basing his eon^ption. 


Already in 1%'1, one year after the ^liscov'ery of the tubercle b,'/- 
eillus, Babes and Cornil (•}) as well as in Betrone ob er’/e/l 
at;.-pieal tuf/erele bacilli, ramified forms, as well as sueb v.it, 5, fil.-jn/er/l 
and spadix formations, which induced the last'mef/!.ioriM to r.-ssume 
a connexion }>etv,-/;e,u Ko'dils bacillus and grouj/s of or^Miih.in-: tliat 
are on a higher le-,'el than the bac-teria, ,«inee that time a gfc,'/t 
number of unthory. have empfiasix/.-d the j/leor/iorphisrri of tl'e tu- 
herefe bacrlfas wriich is eviderit fro,m the moriOgfar,h,s },- Ealifi 
kol), Rr.man (10b), If.edval! (4% V,ei.ssfei!er tigjj, ;,nd orficr-s, 
Nevejih.dess some few irjvestigators adhere to the monomorph/sm 
of Koch's leaeriJu.s, e,g, Ki.uge tO-v), 

Several investigators have assume/i a kiriship iMwecf/ the 
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tubercle bacillus and tbe actinomycetes, or organisms closely akin 

to them. - An expression for tbe kinship between KoeVs bacillus 

and fungoid organisms is tbe term Mycobacterium tuberculosis 
introduced by Lebmann and Neumann (132) in 1896. — Palous 
(28) in a work of tbe year 1901 includes tbe tubercle bacillus 
amongst these fungi, and Lieske (69), in bis “Morpbologie und 
Biologic der Strablenpilze”, 1921, emphasizes that Koch’s bacillus 
is so closely related to tbe actinomycetes that it is impossible to 
draw a distinct line of demarcation between these two groups of or- 
ganisms. In 1930 Karwacki (52) and Kedrowsky (53); in 1931 heigin 
(32) and Mollgaard (83); and in 1935 Weissfeiler (131) observed tbe 
development of typical actinomycetes from tubercle bacilli; and in 
1930 Kanvacld (52); in 1931 Mollgaard (84), Triuss and Politowa 
(127); and in 1936 Kedrowslcy (54) obtained tuberculous changes in 
inoculation into animals, Weissfeiler (131) draws from these tests 
the conclusion that the tubercle bacillus is a typical actinomycete, 
which in its parasitic form occurs mostly as an acid-fast rod. 

Tbe actinomycetes do not manifest kinskip only with Mycobac- 
terium tuberculosis but also with the leprosy bacillus and other acid- 
fast bacteria, some of which occur as saprophytes in nature. They 
have by Lebmann and Neumann (67) been placed together into tbe 
group Mycobacterium. It has often been formd very difficult to dis- 
tinguish tbe so-called acid-fast saprophytes from Koch’s bacillus. 
Some of them grow on artificial media more quickly than Kochs 
bacillus, and, as Scblossberger and Pfannenstiel (111) have shown in 
1920, both in living-room temperature and at a temperature of 50°— 
55° C, in which respect they agree with Mycobacterium tuberculosis, 
tyq)us Galinaceus. Others have been found uncultivable. The acid- 
fastness of some species has been described as less pronounced, 
but one can also in the tubercle bacillus find great variability in this 
respect. Nor can the two groups of Bacteria be safely separated in 
regard to form. In inoculation into animals of the acid-fast bacteria 
occurring in nature, their pathogenity has been very varying. Some 
of them have been able to cause changes in the test animals, w ic 
fully agree with those obtained in inoculation of tubercle baci i, 
which has been proved inter alia by Moeller (82) in 1899. On 
other hand, tubercle bacillus strains have been observed 
siderable variations in their pathogenity, e. g. as Pinner (9 ) 
shown in 1932, It is highly interesting that in 1921 Kolle, c oss 



liergcr, nnd Pfininoiistiol (57) wore nblo, for ciglif. .sopiiralo 8a})ro- 
phytic, acid-fast, strains to show by repealed guinea-pig passages 
inciea.sing virulence, wliich agree fully ^s•itll those eatised by geimine 
tubercle bacilli. Similar observations have, according to Lehmann 
and Neumann (GT) in 1025, also been made by Sanfeliee (lOG) and 
Schroder (112). There is no certain serological reaction to distingiii.sh 
the different, acid-fast, micro-organisms. 

The opinion ha.s been advanced tliat the, tubercle bacilli are the 
])arasitic form of acid-fast saprophytes growing “wild" in nature. 
]’erhaj)s a way leads from human-bovine via .avian and cold-blooded 
types of tubercle bacilli down towards the acid-fast saprftjdiyfes in 
nature? But. this must, according (o Mellon (78), still lie regarded as 
a theory, for which evidence is lacking. 

The location of the tidierele bacilli in the fungoid-bacterial sy.stcm 
is still unclear. Castellani ('JD) has classified them amongst the 
Fungi Imperfecti. luit other sy.stematicians among.st the bacteria. 
.Vlt hough mycobacterium tuberculosis generally occum in Bacterial 
form. it. may. occasionally, show mycotic (jnalities, which, ns stated 
in the preceding, has induceil several investigators to assmne kin- 
.ship between the tubi’rcle bacillus nnd higher !nicro-orga!iisnis. Tliis 
old conception is to be found in a moderniivd form in Pribram’s 
(OG) statement in 1027. that “Bacterium tuberculosis itself is a tran.si- 
tiona! form, not between different bacteria, but between the whole 
genu.s Bactcrhim and the genus llyphomyces (fungi imja-rfccti)’’. 



OWN INVESTIGATIONS. 


CHAPTER II. 

The Cases from -which the Fungus Strains have been 

isolated. 

Out of tbe five fungus strains -with which I have carried o.ut my 
research, three have been isolated from gastric lavage from patients 
■who, for the purpose of ascertaining possible pulmonary tuberculosis, 
had been sent to the Central Sanatorium at Sandtrask (Physician 
in Chief: Dr. B. Carstensen). The two remaining strains have been 
obtained from the sputum of patients with clinical diagnosis of 
pulmonary , tuberculosis, who were being treated at the Central 
Sanatorium at Upsala (then Physician in Chief: Dr. A. Kristenson). 
The histories of their diseases are briefly related here. 

Case I. S. P., a woman 40 years old. In the year 1937 insidious trouble 
in the form of aching in the finger-, hand-, and knee-joints, as well as sometimes 
sensitiveness to pressure over the finger-joints. In the winter of 1938 39 
she was troubled with cough with yellowish or white expectorations, but 
never mingled with blood, especially in the mornings. On examination at the 
Central Sanatorium at Sandtrask, in March, 1939, the following diagnosis 
was made: Positive tuberculin reaction. B.S.R. 48 mm/1 hour. X-ray film 
of the lungs shows within the right Scl-Ii and in the left Scl irregular spotti- 
ness and stripiness, probably fibrous remnants from an earher process, and 
at the forward edge of the right Cj a small calcination. Thus the X-ray exa- 
mination did not supply any certain criterion for an active tuberculous pro- 
cess. The patient was taken into the same sanatorium in July, 1939. From 
the income status is ascertained: Pale, lean woman, grown old before her time, 
with habitus astenicus and tj^iical sideropenial appearance. Heberden nodes. 
Indeterminate “rheumatic” ache in the joints, as well as here and there m 
other parts of the body. Gastro-intestinal disturbances. B.S.R. 36 mm/1 hour. 
No fever. Stethoscopically some unclear vesicular respiration can be dis- 
tinguished over the apices of the lungs, but otherwise nothing remarkable- 
No sensitiveness to pressure over the finger-joints. No roentgenolo^ca 
change of the lung-picture since the last examination. During the fiffy 
days’ stay at the hospital the sputum has been examined seven times, no 
acid-fast baciUi being found on any one occasion. A cultivation on Hohn 
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tervals. She has had several small haemoptyses but never any tubercle 
bacilli in her expectorations, and rarely fever. B.S.R. has as a rule kept between 
10—20 mm/1 hour. Tuberculin positive. X-ray films of the lungs in 1933 
show enlarged and congested liilus shadows and minor calcinations m the 
parenchyma. In the right Scl-Ij cloudy confluent spots, which gradually 
congested and grew better delimited. The picture then mainly unchanged 
until 1937, when a floccula appears in the left Scl and a dissemination of con- 
gestions takes place within the right I1-I4. The state of her lungs is then on 
the whole unchanged until the month of May, 1939, when in an X-ray film 
of the lungs one can see distinct progress, in that laterally to the right Cn 
there is a cavity (?) the size of a plum, which aftenvards in a film, in August 
of the same year shows a distinct diminution, and in films in September and 
November of the same year cannot be noted with certainty. The condition 
of the lungs otherwise unchanged. In October, 1940, the changes show strong 
retrogression. A streak marks the lower limit of the right upper lobe, which 
is drawn up to Cu and in a film in February to Cj. Pneumothorax started 
on the right side in February, 1942, and has since then been maintained. The 
lung collapsed rather well downwardly', but "was upwardly distended by broad 
adberenecs. After burning off these the whole lung shows very good coUaps. 
Xo cavity can be observed there. The condition on the left side is unchanged. 
In September, 1939, there was found in the sputum a fungus of yeasi-oidium 
type, -which was pure-cultivated on ordinary agar. In 1942 it is still present in 
the sputum fairly plentifully, but no acid-fast rods have ever been observed 
there. On inoculating into guinea-pig in 1939 with sputum a negative result 
•was obtained. 

Clinical diagnosis: Tbc. pulm. 

Case IV. A. L., a man 41 years of age. By reason of pulmonary tuberculo- 
sis in his family an examination of his lungs was made at the Central Dispensary 
at Lulea in June, 1939. In the film arc then seen within both Scl in parts of 
more recent date, in parts softer, in parts confluent, apparently calcareous 
spots (the film, however, not perfectly marked tluroughout). In order to as- 
certain whether he was a carrier of tubercle bacilli, the patient was in June 
of the same year taken into the Central Sanatorium at Sandtrask. In an X-ra) 
film of the lungs there appear then materially only remnants of an earlier 
process. Nothing in the picture speaks for activity. B.S.R. 5 mm/1 hour. 
In cultivation on Holm-medium from gastric lavage treated with sulphuric 
acid a fungus of yeasi-oidium type -was obtained in pure culture. Xo aci ^ 
fast rods. Inoculation into guinea-pig gave a negative result. In contro lUo 
the lungs in January, 1940, no changes of the lung-picture visible. 

Clinical diagnosis; Tbc. pxdm. peracta? 

Case V. V. S., a 39 years old w'oman. Under treatment for tuberculosis 
of both lungs at the Central Sanatorium in Upsala from 2nd January, > 
until 8th November, 1939, when she died. During the -whole time the pa len 
had tubercle bacilli in the sputum as well as a fungus of yeasl-oidhim. 
which was pure-cultiva-ted on ordinary agar. 
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Anatomo-pathological diagnosis: Tbc. pulm. amh. cum caverna 
multiflex fuhn. dexter + Laryngitis el Traclieohroncliitis tbc. + Txiberculosis 
intestivi + Steatosis hepalis + Amyloidosis licnis + Degcneratio farenchyma- 

tosiim organorum. , , .,i 

In sections from the tuberculous lung foci plenty of tubercle bacilli are 
seen and rntlier sparse, yeast-liko fungus elements, solitary and in minor 
groups. 

Of tlie five cases described three (I, II, and IV) were observed for 
suspected pulmonary tuberculosis, showing roentgenological changes 
of the lungs but no proved active process. Case III has always been 
looked upon as one with lung tuberculosis, though no tubercle ba- 
cilli have at any time been found in the patient’s sputum. Case V 
has from the beginning been a serious case of progressing lung tu- 
berculosis with tubercle bacilli in tlie sputum. The fungus isolated 
from the five 'patients was of the same type as Reenstierna’s of 1912. 


CHAPTER III. 

Isolation of the Fungus Strains and Reproduction of 
Single Cell Culture. 

The fungus strains have been denoted by the same numbers as 
the cases from which they originate. Nos. I, II, and W (from 
gastric lavage) were isolated on Holm-medium, Nos. Ill and V 
on ordinary agar. Thereafter 10 spreading passages on agar pla- 
tes were carried out, each time with re-inoculation from a single 
colony. Then the five strains were transferred into slanted agar tubes 
and re-inoculated on the average once every month. Having reached 
their 10th generation, about one year after their isolation, the fungus 
strains were used for the preparation of single cell cultmres. 

For the purpose of obtaining a single cell culture a Chambers’ 
micromanipulator with inverted microscope was used. From the 
research material, fresh fungus cultures on agar, were cmulsioned 
smaller quantities, less than ^f^ normal loop in 100 cc of a physiolo- 
gical NaCl-solution, after which drops of the same were transferred 
to the slide of the micromanipulator and examined. IVhen a drop 
contammg only one fungus cell was met with, this was transferred 
to an agar plate, where a singk colony then developed. The techni- 
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cal process is analogous witli that employed by for example Kak 
(51). The latter worked, ^owever, with a hanging-drop, while I on 
account of the microscope used, had the advantage of a lying drop. 
On transferring to or respectively removing, from the slide, capillary 
tubes were used, which had been protracted automatically by means 
of a Du Bois needle-pulling machine, and then bent over a micro- 
flame in a suitable manner. The apparatus used is described in 
detail in Me Clung’s Microscopical Technique (77). 

All parts of the apparatus which might come into contact with 
the fungus emulsion were sterilised immediately prior to the commen- 
cement of the tests by boiling for 1 hour. The slides were dipped 
also in Spir. cone, and fired. No other growth than the fungus in 
question has ever been obtained. 

The single cell cultures thus obtained were then cultivated for 10 
generations on ordinary slanted agar, before cultivation on media 
suitable for tubercle bacilli or animal tests were carried out. 


CHAPTER rV. 

Cultural, Tinctorial, and Biocliemical Properties of the 

Fungus. 

At a temperature of 37° C the fungus grows on the surface of 
ordinary agar or glycerin agar within a period of 24 horns to round, 
slightly arched, white colonies the size of a pin’s head, with moist 
surface (S-form). The microscopic examination shows that some of 
the colonies consist onl}'’ of round and ovoid cells (as a rule 4—6 p 
in diameter), and furthermore others of elongated ones, which grow 
out from the border, thus forming mycelial branches (PI. I and. II). 
After only a few days’ growth the size of the fungus cells may vary 
in a high degree. The mycelial colonies occur more often inside tbe 
agar (PI. II). At living-room temperature fairly good growth is 
obtained, though it proceeds more slowly than at 37 C. On so i 
substrata containing sugar, especially maltose agar, the fungus gwws 
rapidly and luxuriantly, forming a cream-coloured mat (PI. > 
fig. 2), which, when the culture has become 2 to 3 weeks old, may 
show a puckered or relief-like surface (R-form). A' dissociation m 
R-form may, however, also now and then occur immediately ( 
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XXII, fig. 3). On Hohn- and Lowenstein-media the fungus grows 
much more slowly than on the other substrata mentioned, and may 
then present a picture which displays great similarity to that occurring 
in bovine tubercle bacilli culture. 

In glycerin bouillon, too, growth is obtained in 24 hours. Gene- 
rally, the fungus grows in the deeper layers of the medium as cloudy, 
stringy masses. The masses of fungus can, however, grow along the 
sides of the flask and out on the surface of the glycerin bouillon, 
forming a pellicle of finely meshed network, from which long cell 
conglomerations may suspend like rosaries or garlands. On merely 
lightly shaking the flask, the superficial laj’-er of fungus drops down 
to the bottom. The fungus may sometimes show a granular growth 
on the bottom of the flask, making the medium turbid. It consists 
then merely of round and ovoid cells. The degree of acidity of the 
medium seems to play a small part for the growth of the frmgus,- 
but a poorer growth is obtained on a strongly basic medium than 
on a strongly acid one, and a moderate degree of acidity seems to 
be more favourable. In varying the glycerin content from 3 to 15 
per cent no difference in the manner of growth, or the rapidity of 
growth, could be noticed. Nor did any difference become manifest 
when cultivating under aerobian or anaerobian conditions. In none 
of the different fungus cultmes investigated could sexual reproduc- 
tions be demonstrated. 

In 24 hours’ cultures the fimgus cells are generally acid-fast on 
staining according to Hallberg (42) as well as gram-positive, but 
some of the cells lose within the next few days completely, or par- 
tially, their acid-fastness, so that for example in a 7 days’ culture 
one may find all transitions between purely acid-fast and non-acid- 
fast ones. The gram-positiveness, too, decreases gradually, as does 
also, though more slowly, the general stainableness. On staining 
according to Ziehl-Neelsen, without counter-staining, the fungus is 
as a rule in fresh cultures faintly rose-coloured, with a frequently 
excentrically recumbent, unevenely outlined, acid-fast “nucleus”. 
Methylene blue counterstain mostly conceals the red or rose-coloured 
stain (PI. Ill, fig. 3), so that in only a minor number of the fungus cells 
the red “nucleus” is visible, and is then sometimes able to manifest 
itself as a faintly reddish cap (PI. V, figs. 4^6). men staining in 
general, and especially older cultures, remarkably great variations 
of colour may be obtained, men cultivating on a blood agar 
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plate no Iiaemolysis results, and in ordinary gelatme no colliqua- 
tion. ^ 

rally two years after the isolation of the fungus strains preli- 
minanj tests of their behaviour towards different species of sugar 
were carried out, as is shown by the subjoined table. (No test of 
acid formation was made.) 

Strain 

Glucose 

Galactose 

Maltose 

Saccharose 

LacAnilose 

+ = dovcldpmcnt of gas 

— = no development of gas 

The five strains disintegrated glucose, maltose, and laevulose, ia 
which according to Castellani and Chalmers (23) they agree with 
Monilia finoyi. In repeated tests about 6 months after the preli- 
minary ones the below-mentioned carbohydrates were used in a 
solution of 0.5 per cent and with an admixture of Andrade’s 
indicator (neutralized acid-fuchsin) in a concentration of 1 per cent 
and in a fermentation tube, — The medium in the tubes amounted 
to about 10 cc, and to each tube was added a normal loop of 
fungus from a fresh agar culture. 


A. Monosaccharides 

C. Trisaccharides 

a. Pentoses 

Kaffinoso 

Arabinoso 

D. Polysaccharides 

Xyloso 

Starch 

Bhamnoso 

Inulin 

b. Hexoses 

Dextrin 

Glucose 

E. Alcohols 

Laevulose 

Glycerin 

Mannose 

Adonite 

Galactose 

Mannite 

B. Lisaccharides 

Sorbite 

Saccharose 

F, Glucosides 

Maltose 

Salicin 

Lactose 

Aesculin 


In no tube %vas obtained gas or add formation, although good growti 
had developed in all tubes, and the definite reading was not ma 
until after 15 days. 


I II III IV V 

+ + -f + + 


+ + 


.... + 4- -f- . + + 

Sugar content 0.5 % 
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The fungus seems thus in the six monflis that had jwsswZ between 
the two tests to have lost its capacity to disintegrate species of sugar. 
T'urtliermorc, we do not know if the results achieved in the preli- 
minary tests arc those that would have been obtained with the 
cultiireSj if such tests had been carried out with the fungus strains 
immediately after their isolation. 

Appearance of Acid-fast Rods amongst the Fungus Cells. 

In a glycerin bouillon culture from strain I it was possible after 
35 days’ groudih at 37° C to discern only some solitary acid-fast, 
tubercle bacillus-like rods, while in another, which had been growing 
at 37° C for 30 da)'s and then in living-room temperature for 32 
days, a large accimmlation of acid-fast, granular rods (PI. IV, fig. 2) 
could be observed. In a gl 3 'cerin bouillon culture of strain II were 
seen after 36 days at 37° C amongst the round and ovoid fungus cells 
faintly stained ones of which a couple contained granvilcs, which 
were partly lying in diplo- or strepto-units (PI. HI, fig. 4). Further- 
more, there occurred in smears taken after both 36 and 45 days 
rather plenty of non-acid-fast rods with acid-fast granules at the end 
(PI. Ill, fig. 5), and accumulations where some of the rods were 
entirely acid-fast (PI. Ill, fig. 6), and also groups of solely acid- 
fast, granular rods (PI. Ill, fig. 8). Some of the acid-fast elements 
were filiform (PI. Ill, fig. 7), and in one smear it seemed possible to 
see how an acid-fast, filiform rod issued from a fungus cell (P). 
IV, fig. 1). The long, acid-fast micro-organisms might sometimes 
appear as a net-work, which on Gram-staining was positive (PI. Ill, 
fig. 11). There were also met with accumulations that could be 
fairl)’- dense and consist of acid-fa.st elements, which, at least in 
their peripheries, displayed a distinct rod-shape (PI. Ill, figs. 9 
and 10). In two glycerin bouillon cultures of strain III there 
appeared acid-fast rods. In one of them were found in smears 
from the culture after 9 and 13 days’ growth at 37° G around the 
fungus cells amorphous, yellowish-brown masses containing diffe- 
rentiated rods, partly of the same j'cllowish-brown colour, partly 
acid-fast and arched (PI. IV, figs. 3 and 4). Furthermore, granular 
and semicircular elements (fig. 3) occurred, forming the outlines of 
light-blue stained, more or less disintegrated, fungus cells. Finally, 
some very large, brown, cystiform formations (fig. 4) could be ob- 
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served (probably swollen fungus cells in a state of disintegration). In 
the second culture from strain III, where the glycerin content was 
16 per cent as against the usual 3 per cent, were met with after 12 
days at 37° C acid-fast rods of the same appearance as Koch’s bacilli 
partly diffuse and partly in bundles (PL V, figs, 1 and 2). In alto- 
gether five glycerin bouillon cultures from three out of the jive strains 
originating from single cells there had thus from the fungus cells 
been 'produced acid-fast rods. In a couple of glycerin bouillon cultures 
started from organs of rabbits inoculated with the fungus in question 
there occurred acid-fast rods (PL V, figs, 4 — 12 and PL YI, fig. 1). 
An account of these findings will be rendered in Chapter VIII. 

In spite of the absence of acid-fast rods I wish to deal in this 
connection with a finding in a glycerin bouillon culture from strain I. 
In a smear from this, taken after 35 days’ growth at 37° C, peculiar 
corpuscles, much larger than the surrounding fungus cells, were ob- 
served. With Hallberg-stain they were of a yellowish colour and 
plentifully provided with red prickles (PL V, fig. 3), As to shape and 
appearance, they agreed with the pine-cone-shaped formations whicb 
Hallberg — terming them briefly “cones” — had demonstrated in 
cultures of the fungus here concerned, in sputa of patients suffering 
from pulmonary tuberculosis, as well as in different tissues from 
Schaumann’s disease (43). 


CHAPTER V. 

Inoculation of Agar Culture into Rabbits. 

On account of the slight knowledge of the pathogenity and possi 
ble capacity of the fimgus in question to generate in the anima 
organism acid-fast rods, it has from the beginning been possi e 
to organize the animal tests only roughly. These have been came 
out with varying doses of injection, intervals between inoculations, 
age of cultures, etc. After that, supplementary tests have been 
out. This holds good not only in regard to tests with agar cultures 
also in the case of inoculation with other material. Morbid sympto®^ 
and organic changes in the animals inoculated have been ihentione 
briefly in connection with the tests, but described in causal sta ’S 
tics (p, 79) and summarised in Chapter VII. Furthermore, d 



NON-NUGLEATED ERYTUROCYTES. 
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Cabot (30) reported that edema was present in about sixty-four 
per cent of bis cases of pernicious anemia. Eppinger (31) observed 
thickening of tbe vascular walls of tbe spleen in pernicious ane- 
mia. 

If tbe stalk-bke processes develop as I assume, tbe non-nucle- 
ated blood corpuscle must be attached to tbe mother cell tbi-ougb 
tbe capillary wall long enough for tbe development of a real cel- 
lular membrane. Dm-ing tbe time of maturation within tbe blood 
vessel, tbe blood corpuscle changes character. Its protoplasm 
changes from a gel to a sol while a genuine membrane is being 
formed. At tbe same time it changes in shape. When it is fully 
ripe, the erythrocyte breaks off and is washed away by the blood 
stream. It is then disk-shaped, has a tendency to aggregate and 
is purely acidophil on staining according to Pappenheim. 

The mature, disk-shaped erythrocyte cannot pass through 
capillary walls. Eor the proerythrocyte (reticulocyte) to be able 
to do so, it must be of another nature. Its cloudy structme, non- 
specific, more or less spherical shape and tendency to basophilia 
indicate that it is more like other blood corpuscles. Like throm- 
bocytes and leukocytes, therefore, it should be able to pass through 
the sinusoid wall. According to the hypothesis, the cell is nor- 
mally connected with the mother ceU throughout the process of 
maturation. If the proerythrocyte breaks aways early, it is not 
certain that it is able to mature into a normal disk-shaped ceU. 
It can become acidophil (after-ripening) but whether it can be- 
come disk-shaped is a question. Bundle-shaped proerythrocytes 
in circulating blood should perhaps be regarded as abortions, 
which immediately begin to disintegrate. During the reticulocyte 
crisis, there is no real increase in the total number of red cells. 
Not until the reticulocytosis begins to diminish is there any in- 
crease. The more matxue the erythrocyte is before it loosens, the 
larger chance it should have of living a normal length of time. 

The pro erythrocyte probably acquires a surface membrane of 
some land on its first contact with the blood. As the proerythio- 
cyte is slightly larger than the mature erythrocyte, it is probable 
that its contents become more concentrated as it ripens. Tf so, 
a kind of negative pressure would result which may help to pro- 
duce and maintain the biconcave disk shape. However, no doubt 
several different factors cooperate in the maintenance of the disk 
shape. The colloid content of the surrormding fluid obviously 
plays a large part. The dislcs soon change into spheres in fluid 



34 


Diagram 1. 








Gram- 



la diagram 1 it is seen that with losses oi 

four months. They manifested , ^Hch was atiophc 

weight between 700 and ^00 animals/and displayed 

was examined histologica y disintegration of the bloo . 

then in the pulp a changes. Only m on« 

The organs otherwise showed on y animal, B 522, 

were remnants o£ taprs found tW «. 

was killed after about 6 k ^.eroseopio ckanges m tte 

emaoiation bad taken place, nor any 
internal organs. 

Series 3 was ' 

They were meant to oe m^^ 

X Unless otherxvise stated the time always reters to the 1 



35 


to 12 clays old cultures (one of the five strains for each rabbit). 
The chief purpose ^Yas to try to obtain acid-fast rods in the animal 
organism. 

Two of the rabbits died within 15 days, one, K 538, of coccidiosis, 
and the other, R 539, of suspected .such, both having been inoculated 
only once. R 510 was inoculated only twice on account of severe 
disturbance of balance, while the remaining two rabbits were inocu- 
lated 4 times with rc.spcctivcly Viit "/s. ~lsf V: f'^fuded agar cul- 
ture. Since series 3 by reason of the intercurrent deaths had been 
thus decimated, a further 5 rabbits, R 553 — 557, were inoculated 
in the same manner. 

In order to ascertain at the same time, whether the loss of weight 
manifested in four of the animals of scries 2 was caused by the fungu.s 
cells as living organisms or by endotoxins, 5 rabbits, R 5J7 — 551, 
one for each strain of fungus, were inoculated intravenously 4 time.s 
with slanted agar cultures that had been hilled by heat. (58° C — 
Vc hour). — Fungus cells thus hilled do not seem to be changed in 
size or shape, and the endotoxins, according to what Russ (10) has 
observed in his tests with a yca.st-Iihc fungu.s, will not bo destroyed 
at a temperature of 80° C for ^2 hour. All animals were inoculated 
in the course of one month. 

Of the ten rabbits (sec diagram 2) inoculated with live fungus 
culture, apart from the two previously mentioned ones, a further six 
died, these showing signs of disturbances in the central nervous 
system. 

R 540, which after 9 days liad shown serious disturbance of ba- 
lance, after which there occurred gradually progressing paraly.sis of 
the hind part of the body, died cachectic within 5 months. At 
the autopsy the liver showed some single miliary, .slightly fibrous 
foci, which in smears proved to contain some solitary fungus cells 
in a state of degeneration and “cones”, but in sect ions only an 
increase in the periportal connective tissue. In the spleen was 
seen a faintly clear haemosidcrosis. The brain displa 3 ’cd some 
ganglial changes. 

In R o54 verc observed after about 2^/o months moderate paresis 
of the hind legs and at the same time progressing bilateral infec- 
tion of the eyes. It died after a further 2 months, during which it 
grew very lean (from 2,790 _gr. to 1,580 gr.). The lungs showed dif- 
fuse bronchopneumonias with commencing necrotic disintegration. 
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internal organs, apart from a moderate liaemosiderosis in the 
spleen of E, 557. 11 556 showed purulent bronchit is and broncho- 
pneumonia, whieh proved to contain sparse fungus cells and plenty 
of bacilli of protons type. In the central nervous Hy.stcm of the 
three rabbits were noticed diffuse, minor round cell infiltrations. 

R 552, which after 9 weeks showed permanent disturbance of 
balance, and after a further 3 months progressing paresis in the 
hind legs, died about 2 months later. In one lung was noticed, just 
below the surface, a pneumonic focus the size of a hemp seed, which 
contained solitary fungus cells and minor fragments of cells. Besides 
considerable splenic atrophy, with strong liaemosiderosis, the abdo- 
minal organs were otherwise without appreciable changes. In the 
brain Averc found, apart from perivascular round cell coatings, plenty 
of corpuscles of the same size and appearance ns those described 
by Wright and Craighead (133) and Levaditi, Nicolau, and Schoen 
(68) in a form of stable encephalitis in rabbits, and by the three 
last-mentioned authors termed Encc.phalitozoon cuniculi. 

In R 511 and R 553 disturbance of balance occurred first after 
eight months. They were Icillcd 3 7* months later, Avhen both were 
fairly Avell nourished. R 511 showed, besides diffuse perivascular 
round cell infiltrations in the brain, no appreciable organic changes, 
Avhile R 553 .showed moderate hncmosidcrosis in the spleen, a diffuse 
induration of connective tissue in the kidneys, and minor granu- 
lomata in the liver and brain. 

Two of the rabbits inoculated with killed fungus culture died. 
One of them, R 519, died after 2 months of tracheitis Avith masses 
of mucus, AA’hich largely obturated the upper part of the tracheal 
lumen, but Avithout macroscopic changes of internal organs, and 
the other, R .550, after hardly 6 months of pastcurellosis. Both 
AA'cre Avell nourished. R 551 presented after 2 ’/s months an infection 
on one side of the gluteal region, Avhich liealed in about one month. 
During this time the rabbit displayed no increase in Aveight. The 
remaining animals, R 51 1 and R 518, surA'iA’cd and had not lost anj’ 
Avcight. 

In the diagram there appears a considerable dijicrence in the weight 
between the animals which died after inoculation with hilled bacilli 
and those that died after inoculation with live cultures. The former 

weighed respectively 2,500 and 2,830 gr., the latter from 1,080 to 
1,675 gr. 
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Simultaneously witli the animals in series 3 were weighed 3 non- 
inoculated rabbits, and these kept their weight all, the time within 
the limits of those inoculated with killed fungus. 


CHAPTEE VI. 

Inoculation of Glycerin Bouillon Cultirre into Rabbits. 

Intravenous inoculation of glycerin bouillon cultures in varying 
single doses have been carried out, without the results materially 
differing from those that had been obtained in analogous tests 
with agar cultures. 

Series 1. 

Five rabbits, R 526 — 530, one for each fimgus strain, were in- 
oculated twice intravenously, with 7 days intervals. The cultures 
had previously been centrifugated, after which the glycerin bouillon 
. was pipetted off and replaced by the same quantity of a phy- 
siological NaCl-solution. 

Two of the five rabbits, R 526 and 528, were killed after nearly 
six months. One of them had manifested a left-side cataract and 
moderate obliquity of the head. Both showed reduced flesh, but 
at the autopsy no macroscopic changes in the internal organs. Two 
rabbits died intercurrently of respectively rhinitis and coccidiosis. 

R 527, whose initial weight was 2,100 gr, diminished after the 
second inoculation greatly in weight, so that one month later it 
weighed only 1,250 gr. Its general condition of health was so 
strongly impaired that it was expected to die. After another 14 days 
there were noticed on the belly two subcutaneous resistances. The 
rabbit gradually increased in weight, so that, when it was killed 
after about 6 months, it weighed 1,970 gr. 

At the autopsy macToscopically tubevculosis-like changes were 
established in the lungs, liver, and sfleen. The microscopical ex 
amination of sections from the lungs showed pictures which in no 
small measure were reminiscent of tuberculosis. There was found a 
peculiar granulomatous process with partly caseous, necrotising 
granulomata the size of nearly a pea, where the granuloma cells 
are epithelioid and frequently mixed with giant cells in large quan 
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titles. In smears, the same as in sections of the lungs, there oc- 
curred plenty of (tcid-fnst tods of Koch s type (PI. VIII, fig. 1), as 
well as sparse, degenerated fungus cells and small gram-negative, 
bipolar rods. The liver and .spleen presented diffuse, small granu- 
lomata Avith giant cells but without necrosis, yet Aviih acid-fast 
rods (PI. VIII, figs. 2 and 3), ndiich on being cultivated grew in 
pure culture. (For cultures of the acid-fast rods and animal tests 
with these, an account is rendered in Chapter IX.) 

Of the afore said two subcutaneous resistances on the belly, one 
still remained. On examination it was found to consist of a dctritical 
mass containing no acid-fast bacilli but small gram-negative, bipolar 
rods, which on cultivating in blood agar plates grew as non-haemo- 
lysing colonics resembling dew-drops. 

Such subcutaneous absces.scs^ containing similar non-acid-fast rods, 
but no acid-fast elements, occurred in 7 further rabbits, of which 
two had been inoculated with fungus culture 4 mouths earlier, and b 
AA’erc not inoculated. Furthermore, the animals that were killed 
two months after the appearance of abscesses, did not show any 
loss of flesh nor any macroscopic changes of internal organs. 

There arc thus no criteria for the acid-fast rods detected in the 
lungs, liver and spleen of R 527 being derived from the said stable 
infection. 


Series 2. 


Fifteen rabbits, three for each fungus strain, were inoculated in- 
travenously 3 times with rcspectivelj' 8, ] 6, and 22 days' glycerin 
bouillon cultures of fungus. The first dosis of inoculat ion was I cc, 
.and the 2 ensuing ones 2 cc. The changes in weight- of the rabbits, 
as well as those of the non-inocnlatcd ones, can bo followed in 
diagrams 3 and 4. 

Diagram 3 shows that a distinct difference in Aveight exists betAveen 
the animals inoculated Avith the strains I, II, and III, and the con- 
trols. 

Of the rabbits inoculated Avith strain I, the first one, R 550, died 


According to a fifntoment by Dr. Hedatrom at the State Veterinary 
Bactoriologicnl Institute in Stocldiolm, such subcutaneous abscesses contain- 
ing gram-negative pastourolla-liko rods are very common in ralibit. In tile 

opportunity to oxammo lio was 
neither able to detect acid-fast bacilli in the abscesses nor to place the ab- 
scesses in any connection witli tuberculous changes (45). 
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cachectic after 2 Y 2 montlis, but without any macroscopic changes 
of internal organs. The second, R 558, died intercurrently after 
about 6 months, and the third, R 560, was killed after 11 Vs months. 
All of them had during their lives shown disturbances of the central 
nervous system, and the brain of R 560 showed the same micro- 
scopic picture as R 552 (spontaneous encephalitis), but in the others 
only round cell infiltrations or granulomata. The liver of R 5C0 
showed changes that were analogous to those in the brain, though 
without necrosis or findings of micro-organisms. Both this animal and 
R 558 had eye infections, and in a vitreous body abscess from the 
last-mentioned were found plenty of fungus cells. 

The rabbits that had been inoculated with strain 11 died within 
17 days after the commencement of the tests, and two of them, 
R 562 and 563, had only been given one inoculation. In the kid- 
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iicys of these were seen plent)'’ of nodules tlint field large quantities 
of fungus cells. In R 561, which 3 days after the last inoculation 
had shown severe disturbance of balance, were discerned on micro- 
scopic examination plenty of ab.sccsscs in the brain (PI. XII, fig. 2), 
and in these sparse fungus cells (PI. VII, fig. 4). In the lungs 
there occurred plenty of bronchogenc abscesses, in the liver ab- 
scesses, from which on cultivation there was obtained a growth 
of fungus, and in the kidneys chronic focal nephritis. 

Of the rabbits inoculated vnth strain III, R 556 died after 2 
months with paralysis of the back part of the body. It showed 
granulomatous changes of the lungs, liver and kidneys, as well as 
pronounced haemosiderosis in the spleen. In smears from the lung 
and kidney were found sparse fungus cells. The central nervous 
system showed diffuse round cell infiltrations and granulomata. R 
565, which was also full)’- paralysed in the back part of the body, 
was killed after 2 months by reason of large, dccubital ulcerations 
in the gluteal and perineal region. Its internal organs showed no 
appreciable changes. R 566 was killed after IP/o months. The in- 
ternal organs were, apart from a pronounced haemosiderosis in the 
spleen, without any appreciable changes. Both eyes manifested 
endophthalmia chronica and dissolution of the lens. 

Diagram 4, too, shows a considerable difference in weight between 
the inoculated animals and the control rabbits. Nevertheless, one 
of the former, R 568, seems after about 4 months to increase in weight, 
so that it does in no very great degree differ from one of the control 
animals. 

Two rabbits, R 567 and 569, of those inoculated with strain W 
died within 2 ^/, months with paresis in the hind legs and reduced 
weight, but without macroscopic changes in the internal organs. 
In R 568, which had shown a temporar)’^ loss of weight and likewise 
temporary paresis in the hind legs, there were found in the brain 
the same changes as in R 552 and 560. In its eye there was present 
chronic iridocyclitis, with retinal loosening, and in a subrctinal ab- 
scess were found two small groups of fairly large and slightly clums)’- 
acid-jast rods (cf. PI. VII, fig. 3). 

One of the animals inoculated with strain V, R 671, died after 
four days. There was then found in the left pleural cavity a tea- 
spoonfull of blood-stained exudation, which in smears and in cultiva- 
tion gave negative findings of micro-organisms. In the liver were 
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seen some miliary nodiileSj wliicli contained a moderate quantity 
of fimgus cells. R 572 died after 4 months with paralysis in the hack- 
part of the body, double-sided eye infection, and pronounced cachexy. 
Besides bleeding from the lungs, no changes in the internal organs 
were found. The eyes showed vitreous body abscesses with a large 
amount of fungus cells, while in the brain only trifling round cell 
infiltrations were met with. R 570, which had presented moderate 
paresis in the hind legs, and hyalitis oculi bilateralis, with secondary 
cataract, was killed after 11 Y 2 months. The rabbit was rather 
emaciated and showed granulomatous foci in -the lungs and liver, 
fibrosis of the kidneys and moderate haemosiderosis in the spleen. In 
the eyes was distinguished retinal loosening with an accumulation of pns 
and a fusion of the edge of the lens, and in the central nervous system 
diffuse granulomata and fresh degeneration of the pyramidal tract. 
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Scries 3. 

This series was started a few days after the autopsy of It o2 / , 
where some findings of acid-fast rods were made in tuberculoid 
changes. The aim and object here was, in doses of fungus cultures 
adapted to the general condition of health of the rabbits, to keep 
their condition down sufficiently for the capacity of the inoculated 
fungus cultures to bring forth acid-fast rods thus perhaps being 
facilitated. 

As I thought that' strain II displayed greater pathogenity, G 
rabbits were inoculated with this and 1C rabbits with the remaining 
fungus strains, 4 for each of these. In the diagrams 5—9, one for each 
fungus strain, the doses of inoculation can be read. As the rabbits’ 
general condition of health can largely be judged by their changes 
in weight, weight curves have, for purposes of comparison, been 
included in the diagrams for 4 non-inoculatcd rabbits. 

Rabbits inoculated with strain I: Diagram 5 shows that a distinct 
difference in weight c.xists between the inoculated animals and 
the control ones. II 587, 58G, and 588, died after respectively 
S months, all of them with pronounced cachexy. 
R 587, which had had progressive paresis in the back part of 
the bod)’’, showed in the liver caseous necroses, with a fairly large 
quantity of fungus cells, while in the central ncrvo\is system in the 
sections nothing certain pathological was met with. In R 58G, 
which had shown the same symptoms as the preceding one, was 
found a one-sided, strongly hydrocephalus interims, as well ns 
malacic foci and diffuse perivascular glial infiltrations, while in 
the internal organs, apart from splenic atrophy and trifling changes 
of the kidneys, nothing appreciably pathological was noticed. In 
both eyes there existed diffuse change’s, with large masses of fungus. 
R 588 died of coccidiosis, and 585, which had shown some cerebral 
symptoms, was killed after 71/2 months. In the brain of the latter 
were found the same changes as those described for R 552. 

Rabbits inoculated with strain II: Within G months all the animals 
had died. (See diagram G.) R 589, which died 7 days after the first 
inoculation, showed in the liver and kidneys nodules the size of a pin’s 
head, consisting of submiliary abscesses, surrounded by more or less 
distinct granulomatous zones. In the abscesses were found plenty of 
fungus cells and a few acid-fast, rather short, rods. Cultivation from 
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Diagram 5. 



the kidney on Holm-medium resulted in a growth of fungus and acid-jasl 
rods (see Chapter VIII and PI. VI, fig. 2). E. 590, which had shown 
paresis in the back part of the body, died cachectic after hardl)^ 
three months. Apart from atrophy of the spleen, with haemosiderosis, 
the organic changes were slight. R 591 showed after one month symp- 
toms of disturbances of the central nervous system and died a week 
later, with typical signs of insufficiency of the heart. In the right 
chamber of the heart there was a pronounced verrucose endocarditis, 
the verrucose excrescences mostly consisting of large masses of fungus 
elements (PI . IX, f ig. 1 ) . In the lungs were noticed minor abscesses, and 
in the liver several necroses (PI. IX, fig. 2), from which in a cultiva- 
tion on glycerin bouillon a growth of fungus and acid-fast rods was 
obtained (see chapter VIII). In the central nervous system occurred 
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Method. 

The method I have folloved in the course of my investigations 
has differed somewhat from that of Lindalxl, and I propose to 
give a short account of my findings. 

My method is based on that of Jansen which has been modified 
by Wang and Harris and by Wassmann. A report by Furst jun. 
has also helped me in my investigations. As only slight changes 
have been made in Wassmann’s method, reference is made to 
his study for a complete account of his method. 

I have, however, found it most convenient to employ the origi- 
nal preliminary test of Wang and Harris as Wassmann’s prelim- 
inary test entailed the use of such large quantities of cerisulphate 
solution — up to 20 ml — that the work became tedious for this 
reason. More recently, Wassmann has informed me that he has 
been obliged to dilute the urine five times, and he urgently ad- 
vises the employment of his preliminary test. With this method 
the fluorescence is read off by direct ^^sual inspection in front 
of a quartz-mercury lamp (Philips HPW 120), and the fluorescence 
of the test is compared "with that of a control solution in which 
the ancurin is not oxidized to thiochrome, and which should thus 
contain the non-specific fluorescent substances in the urine. I 
have found it convenient to work with a standard which contains 
10 y per ml, whereas Wassmann has worked with a standard of 
1 y per ml. 

By this method and by the addition of known quantities of 
aneurin to the urine, I have obtained the following results (table 1). 
It will be seen that added aneurin has been recovered in quan- 
tities of 64 to 114 per cent. The result coincides in the main with 
those of Lindahl. 

Table 1. 

Aneurin added per 100 ml Ancurin found Recovery % 


Urine 

I. 

0 

28 





7.2 

34 

S3 



17.2 


99 



27.2 

58 

91 

Urino 

n. 

0 


__ 



4.5 

59 

89 



14.5 

72 

85 



24.5 

79 

96 

Urino III. 

0 

31 

— 



17 

44 

77 



14 

40 

64 



7 

39 

114 
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or fairly pronounced changes there, but without any findings of 
fungus cells. 

R 599, which after the second inoculation proved to be severely 
affected, was no more inoculated. It died after one month. At the 
autopsy there was found a large abscess, which issued from the 
mediastinum and followed the large vessels up into the upper 
apertura thoracis, after which it passed dovm along the left half of 
the thorax and subcutaneously upon the back. The pus contained 
solitary fungus- cells, a gram-negative, non-acid-fast actinomyces- 
like mycelium, and gram-negative rods. On cultivation from blood 
and pus there was obtained only a growth of the two last-men- 
tioned organisms. With the exception of severe haemosiderosis in the 
spleen, no appreciable changes of internal organs were noticeable. R 653 
died after 2^/2 months with some loss of weight. Postmortal changes 
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made tlie findings in the abdominal organs difficult of being judged 
but on cultivation from the enlarged spleen no growth was obtained! 
One eye showed periferal disintegration of the lens. R 652 died 
cachectic after 3 months. In the liver were seen a couple of 
necroses and in one kidney some submiliary, encapsuled abscesses, 
in whose centres there were lying some fungus colonies (PI. XI 
fig. 1). In the eyes there existed retinal loosening and abscesses, 
some of which contained large masses of fungus elements, and one 
of them furthermore two small groups of acid-fast, somewhat clumsy, 
rods (PI. VII, fig. 3). E, 600, which had been greatly emaciated 
and had shown disturbance of balance and paresis, improved 
gradually and increased in weight, so that, when it was killed after 
10 months, it did not appreciably differ from the control animals. 
Only moderate changes of internal organs. Both eyes showed 
retinal loosening and periferal necrosis, as well as disintegration 
of the lens. In one eye there were also met with in an abscess a 
couple of fungus cells with a brown self-colour. In the brain were 
found changes that have been described for E 552. 

Rabbits inoculated with strain V: Diagram 9 shows a distinct 
difference in weight between the control animals and the inoculated 
ones, two of which however soon died. 

E 654 and 655 died both after 3 weeks through external violence 
(bitten in the scrotum). Their internal organs did not display any 
appreciable changes. The weight of E 656 and 657 had during the 
greater part of their lives been stationary, but rose gradually, 
so that, when the animals were killed about 8^/2 months after the 
commencement of the tests, it did not differ so very much from that 
of the control animals. Besides a pronounced myocardial fibrosis 
in E 656, no major changes were discerned of internal organs of 
the two rabbits, but in the central nervous system there were some 
diffuse round cell infiltrations or granulomata. E 657 showed 
changes in the eyes in the form of retinal loosening, and dis 
integration of the lens and a retinal abscess with, a large fungus 
colony (PL XV). 

In the case of all the rabbits forming series 3, which had een 
alive three months after the first inoculation, tuberculin tests were 
carried out. This was done according to Mantoux in one of the rabbite 
ear-lobes and with a quantity of tuberculin up to 1 mg. Regaiiw 
results were obtained in all cases. 
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Tests have been carried out in order to ascortain whether exo- 
toxins had assisted in the pronounced diminution of weiglit wliich 
occurred in the majority of the rabbits inoculated with glycerin 
bouillon cidtures of the fungus in question. 10 rabbits were inoculated 
in this way, 2 for each fungus strain, with 10 — 30 days old glycerin 
bouillon cultures after passing through a Zeiss bacteria-proof filter, 
and by testing the sterility of the filtrate. The animals were inoculated 
five times, twice with 1.5 cc and three times with 2 cc, but mllioul 
loss of weiglit or other morbid symptoms occurring. 


CHAPTER VII. 

Summary of Morbid Symptoms, Pathological Changes, 
and Bacteriological Findings in the Rabbits Inoculated 
Avith the Fungus in Question. 

Within 24 hours after intravenous inoculation with cultures of 
the fungus strains there became manifest in the rabbits a rise in 
4 — 4372. E.HoUstrOm. 
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temperature from normally 37° C-37.6° C up to a maximum of 
40.1° C, wMcli after 2—3 days was succeeded by hypothermy \yitli 
a minimum of 34.8° C. These temperatures were measured in a 
series of full-grown, large animals, none of which died of its infec- 
tion. Two rabbits inoculated with the same quantity of commer- 
cial yeast manifested analogous, though small changes of tempera- 
ture. 

Often there occurred a decrease in weight in the rabbits after 
inoculation with fungus cultureb which with repeated inoculations 
was striking, or the weight of the animals kept fairly constant in- 
stead of rising in a manner natural for growing animals. During a 
longer or shorter period an increase in weight might remain absent or 
a low weight persist before the animal died cachectic, which was often 
the case, R 518, 519, 520, 521, 540, 555, 567, 559, 572, 586, 587, 
590, 596, 598, 652, or the weight rose to normal values, R 541, 553, 
560, 566, 595, 597. In tests for the purpose of ascertaining whether 
the decrease in weight was caused by the live fungus cells or their 
possible endo- and ectotoxins, the two last-mentioned ones in the 
doses used (see p. 35 and 49) did not show any influence upon the 
weight of the rabbits. 

A certain amount of general atrophy ensued also with the di- 
minution of weight, most easily noticeable in the spleen, which in 
the cachectic animals might be very small. In these animals there 
existed also a brittleness of the skeleton, so that in five rabbits an 
extremity was fractured when the animals were being stretched 
on the section board, though the utmost care was exercised not 
to use an}^ force. 

During their lives many of the rabbits inoculated with fungus 
culture manifested signs of infections of the eyes and nervous sys 
tern, and these symptoms are stated in connexion with the fo 
lowing synopsis of the organic changes. Of these were found part ) 
such as had with certainty been caused by the fungus cells, an 
partly such as had been due to infections contracted in the sta c 

One rabbit, R 591, which died with distinct signs of weakness 
the heart, showed in the right chamber verrucose, mycotic endoca ^ 
ditis, where the verrucose vegetations mostly consisted of arg 


In the said synopsis of morbid symptoms and of changes o grjonta- 
animals 'with certain stable infection (coccidiosis, pasteure \ 
encephalitis caused by “Encephalitozoon cunicuh ) are,in > 


no 

neous 

less this is expressly stated 



51 


masses of fungus cells (PL IX, fig. 1). In anotlier case, R 589, were 
seen in the myocardium some solitary, granulomatous foci of epi- 
thelioid cells, hut without any central necrosis. In the surroundings 
necrotic, calcinated muscle filaments. Twice there was encountered 
slight, respectively pronounced, myocardial fibrosis, R 588, 656 
(the former died of coccidiosis hepatis). 

In many cases no changes of the lungs resulted, R 540, 541, 553, 
555, 557, 560 and several others, or only minor ones in the form 
of atelectases, haemorrhages, oedema and slight accumulations of 
round or plasmatic cells, e. g. R521, 565, 566, 567, 586, 652, 653. 
Twice there occurred granulomatous foci of epithelioid and round 
cells, but without necrosis, R 564, 570, of which in the former fim- 
gus cells were seen in smears, while in the latter, which showed 
giant cells in the granulomatous foci, no frmgus elements were en- 
countered. In one case, R 527, there occurred granulomata of epithe- 
lioid and round cells mixed with uncharacteristic giant cells, as well 
as focal, caseous necroses containing degenerated fungus cells, acid- 
fast rods (PL VIII, fig. 1) and gram-negative, bipolar rods (see ac- 
count of this p. 39). Twice there occurred abscesses with fungus 
cells, R 591 and 593. In the latter animal, which also showed bi- 
lateral sero-fibrinous pleuritis, were observed in the surroundings 
of some of the abscesses uncharacteristic giant cells and in larger 
or smaller arterial branches purulent thrombotic masses (septic 
emboli). On cultivation from the lung there was only obtained a 
-r growth of short, bipolar, gram-negative rods. In one case, R 518, 
suspected fungus cells and remnants of such were found in a 
necrotic focus with central colliquation. Many times there predo- 
- minated in the lung-picture bronchitis, peribronchitis, and broncho- 
pneumonia, largely certainly caused praeagonally (microscopically 
fresh changes). In smears from the lungs of two rabbits with broncho- 
pneumonia, R564 and 561, were found fungus cells. 

In the liver of some of the rabbits occurred minor round cell in- 
filtrations, e. g. R 520, or submiliary to miliary granulomata of 
epithelioid and round cells, and in a couple of cases with giant cell 
' , formation but without necrosis in the granulomata, R 527, 564, 566, 
568, 570, 656, 657. Macroscopically these changes as a rule mani- 
fested themselves as small, slightly raised, whitish nodules. In the 
hepatic granulomata from one of the above-mentioned rabbits, R 527, 
were found plenty of acid-fast rods, and in another, R 564, solitary 


52 


fungus cells; Some of the animals, R 521, 561, 587, 590, 591, 598. 652 
(PL IX, fig. 2 and PL- X, fig. 1) showed diffuse necroses in the liver 
and in smears from four of them, R 561, 591, 591, 598, were found 
fungus cells. In the necroses of R 587 no fungus elements were seen 
hut on the other hand in one of the major bile-ducts necrotic exuda- 
tions stained and unstained, round and ovoid fungus cells (PI X 
fig. 2). 

The spleen was in many cases, particularly in the cachectic ani- 
mals, strikingly small, and it was possible sometimes to ohserve 
microscopically fine atrophy of the parenchyma with close-lying 
trabeculae. -Often there was present a more or less pronounced hae- 
mosiderosis in the reticular cells of the pulp, occasionally with giant 
cell formation. But in two out of four old, non-inoculated rabbits 
where the spleen was examined microscopically, there was found pro- 
nounced haemosiderosis in the pulp, and in one of them, partly in 
the process of giant cell formation. In the spleen of one of the ani- 
mals, R 518, inoculated with fungus culture, there occurred miliaiy 
epithelioid cellular granulomata, but without giant cells and necrosis, 
and in another, R 527, qrute small granulomatous foci, partly vith 
polynuclear giant cells, but here, too, without necrosis. The foci con- 
tained a fairly large quantity of acid-fast rods (PL VIII, figs. 2 and 3). 
which on being cultivated on Hohn-medium grew in pure culture 
(PL XXII, fig. 5); (As regards tests with these rods, see Chapter 
IX.) In no instance were certain fungus cells met with in the spleen. 

In those rabbits that died within the next few days after intra- 


venous inoculation, the kidneys seemed often to be strewn vith a 
large quantity of whitish nodules the size of a pin’s head and smaller, 
which contained fungus cells. If the animals died after about 2—3 
weeks, the nodules seemed to be still more fibrotic, so that the aiii 
mals after about 1 month as a rule showed only more or less pro 
nounced cicatrose pits on the surface. An example of the micro 
scopic picture of a kidney from a rabbit that had died one ' 
after inoculation with fungus, is R589: Both in the marron an(^ 
cortex were seen numerous submiliary abscesses surrounded bj mor 
or less distinct granulomatous zones without necrosis. In this gra 
nulomatous tissue there occurred in several places radimenta^. 
giant cell formations, possibly representing epithelioid pro i cr. ^ 
tions from duct remnants. In smears from the kidney 
were seen quite a good many fungus cells and also some .so i < 
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short, acid-fast rods, and in cultivation on Hohn-nicdiuni was ob- 
tained growth of both fungus and short, acid-fast rods (11. VI, fig. 
2). _ Two further findings of such rods were made in kidney absces- 
ses (in animals that arc not included in the rabbits mentioned in 
Chapters V and VI), once in a rabbit that died 5 days after in- 
oculation with fungus culture, and the second time in a rabbit which 
had been begun to be inoculated with a mixture of cultures of the 
five fungus strains (PI. VI, fig. 3) for the production of immune 
serum.^ — In exceptional cases abscesses containing fungus cells could 
exist quite a long time, 3 months subsequently to the conclusion 
of the inoculations, R 652 (PI. XI, fig. 1). In .smears from this were 
seen plenty of fungus cells, some odd ones of which were acid-fast 
with Hallberg-stain, but the majority not .stainablc, although the 
counter-staining was done for a longer period tlian usual. Even 
with Gram-staining the fungus cells did not take any stain at all, 
or only poorly (PI. VII, figs. 1 and 2). In the kidnc 3 ’s there existed 
in several cases diffuse, solitary round cell infiltrations and gra- 
nulomata, c. g. R 520, 541, generally located radially through the 
cortex and often also the marrow, passing through more or loss 
thick striae of connective tissue with generally grnduall}’’ decreas- 
ing numbers of minor granulomata or round cell infiltrations, R 
660, 586, and others (PI. XII, fig. 1). 

No visible changes ever occurred in the digc.s(irc (met (only a 
couple of cases have been examined microscopically). In the few 
animals in which the siifrarcnah were examined these showed, 
apart from submiliary granulomata and a couple of thin necrotic 
striae, nothing pathological. 

In a large number of cases, 26 out of 42 rabbits inoculated with 
glycerin bouillon culture (furthermore also in a few inoculated with 
agar culture), there occurred disturbance of balance or paresis 
(PI. XIII). Not once did there occur an)’’ signs of injuries in the 
nervous system in direct connexion with an inoculation. At the 
earliest, the symptoms in question made their appearance after 3, 6, 
and 7 daj^s, in respectively R 561, 564 and 597. In the remaining 
cases the corresponding periods were from 2 weeks to 3 months, 

1 FurDiermoro, out of 15 rabbits inoculated in tho tosticlos with glvccrin 
bouillon cultures of tho fungus strains two, which died after 3 and 5 weeks 
respectively showed local abscesses containing fungus colls and short acid' 
fast rods. Moreover, in ono of tho animals was observed a largo suspended 
abscess as well as caseous transformation of tho corresponding glands 



in exceptional cases longer, but most commonly 2—6 weeks after 
the last inoculation. The disturbances consisted in difficulty to 
mamtain the balance, awry head, pareses of varying degree to para- 
lysis in the hind legs, but also some time in the trimk. It was only 
in exceptional cases that feebleness was manifest in the forelegs 
or in the musculature of the neck. 


Amongst the hmin and sfinal cord from 40 animals (35 of 
these suffering from paralysis or paresis) that had been microscopi- 
cally examined, mostly both were examined, fungus cells were found 
in only 3 cases, R 561, 596, 598. But it should be emphasized that 
no serial sectioning of the central nervous system was carried out. 
but only 3 — 6 sections had been taken from the cerebrum, generally 
just as many from the cerebellum, and 5 — 10 sections from the 
medulla oblongata and the medulla spinabs. R 561 displayed both 
in the cerebrum and in the cerebellum, especially in the cortex 
cerebri, multiple miliary and minor abscesses with a slight tendency 
to necrosis, and also in the suxrormdings considerable astrogliar 
reaction and perivascular round cell infiltrations (PI. XII, fig. 2). 
In some of the abscesses were found fungus cells in typical agglo- 
merations (PI. VII, fig. 4). In R 598 was observed in one cornu 
ammonis an abscess the size of a walnut with large quantities 
of faintly stained, or quite xmstained, fungus cells. Moreover, there 
were seen in the stamgangliae hyperaemia and perivascular round cell 
infiltrations, as well as in solitary spots small gbous foci. The same 
changes occurred also in one cornu ammonis. In a section from the 
brain of R 596 was found in tbe fourth ventricle a lump of exudation 
hardly the size of a piu’s head, the lumen of it being occupied by 
a fungus colony. In tbe surroundings was seen a trifling epeudymic 
proliferation. Changes were noticed also here and there in the cere 
brum, partial destruction of tbe pyramidal cell band with glwi'^ 
proliferation, and, in some diffuse spots in the hemispherical marrow, 
perivascular round cell infiltrations. In 6 cases were found sta e 
encephalites with well-lmown etiology, R 693, 552, 560, 569, 5 o, 
600. The changes in the brain consisted here of submiliary to 
liary granulomata with central caseous necrosis, which containe 
plenty of corpuscles that were acid-fast with Hallberg-staining, 
were of tbe same size and outline as those which Levaditi , 

Encephalitozoon cuniculi. In these animals there occurred a so 
fuse granulomata without necrosis and round cell infiltrations. 



all llic brains examined occurred, with few exceptions, changes in 
the form of locally diffused, suhmilinry, mostly perivascular round 
cell infiltrations, sometimes also in the imminges, and granu- 
lomata as -well as minor glious foci. Moreover, occasionally were 
seen degenerative changes in the central gangliae and pyramidal 
tracts, as well as diffuse malacic foci. Only once were, there found 
macroscopic changes, viz. severe, unilateral hydrocephalus interims. 
In the two rabbits which had been inoculated with ordinary commer- 
cial yeast, were seen pcriva.scular granulomata. Eound cell infiltra- 
tions, granulomata, and glious changes were met with also in two out 
of four brains examined from non-inoculated rabbits, wliich for over 
one year had been kept in the stables together with the inoculated 
ones. Out of the approximately 100 animals which had not licen 
inoculated with live fungus culture, and which I have had au op- 
portunity to oliscrvc for nearly two years, there occurred only one 
case of paresis in the hind legs (one out of a series of .oO rahhits 
which liad been inoculated with dead fungus culture and then in- 
oculated Avith tubercle bacilli). The central nervous .sy.slem disjilayed 
in this case only uncharaotcri.stic, perivascular round cell infiltra- 
tions. 

Of the rabbits inoculated with the five fungus strains, macro- 
scopic infections of the ci/cs were found in 12, viz. It fm}, 558, 5(J0. 
5G6, 5G8, 570, 572, 5SG, .505, GOO, G.52. 0.57. In those animals there 
appeared at the earliest 5 weeks and latest 0 months, in fho majority 
between 2 to 3 months, after the last inoculation unilateral or gene- 
rally bilateral hyalitis oculi. On making a direct in.spcction of the 
eye it was possible to sec through the wide pupil, at varying depths 
in the vitreous body, a light-rcflccling ti.ssuo consisting of large, red- 
disli-yclIoAv to }'cllow, rounded formations (more or less vascular 
protrusion of the retina and hyalitic al).secsses?), (PI. XIA". fig. 1). 
Some time the vitreous body might appear diffusely greyisli with 
sonicwliat flocosc content-s. Simultaneously with those changes 
there occurred sometimes more or less pronounced hypernomia in 
the iris. At the earliest 3 Avccks, generally a month or so after the 
appearance of the changes in the vitreous body, was noticed eom- 
mencing clouding of the lens (PI. XIY, figs. 2 and 3). A striking 
tiling Avas tliat the animals quite a long time after the beginning 
of the ocular symptoms, retained some of their sight. 

Microscopically there Averc present pronounced endophthalmitic 
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changes (such were met with also in one rabbit, R 563, which in 
life had^ not shown any distinct infection of the eyes): There were 
seen retinal and subretinal exudations; subretinal or retbal, often 
necrotising, abscesses; partial or total loosening of the retba, and 
proliferation of its glious elements; as well as granulomata, some 
of which contained plenty of lipoid cells. In the vitreum occurred 
an increased content of albumin, diffuse agglomerations of cells 
and large abscesses. In the lens was sometimes seen periferai dis- 
integration or necrosis Avithin the capsule, occasionally with calcina- 
tion. The chorioidea displayed granulomata, and, sometimes calcina- 
tions, and in one case, R 558, composite foci of submiliary round 
and epithelioid cells, which reminded one of tubercles or changes 
in sympathetic ophthalmia. Furthermore, there occurred in some 
eyes also signs of chronic iridocyclitis. In 7 of the rabbits were en- 
countered in one or more abscesses fungus cells, sometimes solitary 
ones, sometimes in large colonies of round and ovoid cells mostly 
in the centre and in the periphery elongated with claviform swel- 
lings. Some of these colonies were smrrounded by fairly broad, 
hyaline borders (PI. XV, figs. 1 and 2). In the large colonies only the 
outside outlines of the fungus cells Avere noticed to have taken the 
stain like a nncleiform formation Avhich in the elongated cells conti- 
nued as a spirally twisted filament. In tAvo of the rabbits, R 568, 
652, the former with stable-encephalitis, there Avere found in absces- 
ses a couple of small groups of fairly short, slightly clumsy acid- 
fast rods (PI. VII, fig. 3), in the former case together with solitary 
fungus cells, and in the latter wdthout fungus elements. 

From the subjoined table of the rabbits^ inoculated Avith glycerin 
bouillon culture of the fungus in question is seen partly vrith which 
fungus strain they have been inoculated, and partly the number o 
animals from Avhich culture tests have been carried out, and in AAbich 
case groAArth of fungus has been obtained, and partly the number 
of animals in which fungus elements haAm been foAind in the interra 
organs by culture or in direct preparations, as well as animals m 
which it has been possible to demonstrate fungus cells in one ey® 
or both, as well as in the central nervous system. 

Out of the 42 rabbits in the table, 10 were inoculated Avith strm^ 
II, and with the other strains 8 animals each. Of the 7 anima 

^ The numbers of the rabbits are in brevier, and the Roman figw® 
the fungus strain inoculated. 
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that died within 10 days, fungus cells were found in some internal 
organs of all of tiiem, 6 of them being inoculated with strain II. 
In culture from organs in five of these cases growth of the fungus 
was obtained only in 3, and in the other cultivations made, 
only in one. After a fairly long time had elapsed between inocula- 
tion and autopsy, fungus cells were found in the internal organs 
more and more sparsely, and after 6 months none at all A long 
time after the inoculation there were, however, found fungus cells 
in one or both eyes of 9 rabbits, in 7 of them 6 months afterwards. 
In the central nervous system .fungus cells were found only 3 times. 

In the rabbits inoculated with glycerin bouillon culture were also 
found, though this is not seen from the table, acid-fast rods in kidney 
abscesses of one, R 589, and in eye-abscesses twice, R 568 and 652, 
and in lungs, liver, and spleen once, R 527. Growth of both fungus 
elements and acid-fast rods was obtained from organs of R 589 and 
591, but these findings will be dealt with in Chapter VIII. Growth 
of only acid-fast rods was obtained from liver and spleen of R 527. 
An account of this will be rendered in Chapter IX. 


CHAPTER VIII. 

Inoculation of Cultures Containing Fungus Cells as well 
as Acid-fast Rods into Guinea-pigs and Rabbits. 

As described in the second part of chapter IV, acid-fast rods 
appeared in five glycerin bouillon cultures amongst the fungus cells, 
viz. two of strain I, one of strain II, and two of strain III. Altogether 
five guinea-pigs were inoculated with three of these cultures. 

One guinea-pig, G-p 238, was inoculated subcutaneously in the 
right groin with 1.5 cc of the 35 days old fimgus culture from strain 
I, in which only few acid-fast rods were found. A week later an 
abscess^ fully the size of a pea was palpated at the spot of inocula 

^ In subcutaneous inoculation of about 50 guinea-pigs with cultures 
containing fungus cells of the strains in question, an abscess the size o 
a pea to a valnut is often obtained after 1 — 2 weeks at the ° ^ i oj 
As a rule, it is resorbed within some little time, at the outside w men 
it may fistulate in exceptional cases. Tlie abscess contains fungus ce 
occur more and more sparsely the longer the abscess remains, bom 
even short, acid-fast rods may be found. 
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tion. but this Imcl vanisliecl after about 2 wcelcs. 5 mouths after 
the inoculation the animal was killed, and nothing xiatliological was 
proved macroscopically. Tlirce guinea-pigs, G-p 319—321, were in- 
oculated subcxitancously in the right groin wit h respectively 1, 1.5, 
and 2 cc of the G2 days old culture of strain I, where a large accu- 
mulation of acid-fast, granular rods had been found (PI. IV, fig. 2). 
Only the animal which was given the largest dose, showed at the 
inoculation spot after 1 week an abscess twice the size of a pea, 
which 3 weeks later had disappeared. The guinea-pigs were killed 
after respectively 2 Vs. 'f. ^ months, when no macroscopic 

changes were observed in the internal organs or at the inoculation 
spot. Unfortunately, no inoculations were made with that culture 
of strain 11 in which plenty of acid-fast rods had been found (PI. 
Ill, figs. 4 — 11, PI. IV, fig. 1). One guinea-pig, G-p 239, was sub- 
cutaneously inoculated in the right groin with 1 cc of the other cul- 
ture of strain III in which rather plenty of acid-fast rods had been 
found (PI. V, figs. 1 and 2). No abscess occurred at the .spot of in- 
oculation. The animal died after 2 V 2 months. The autop.sy showed, 
apart from a moderate loss of weight, nothing pathological. 

Inoculations of Cultures of the Strains from Animal 

Passages. 

Two guinea-pigs, G-p 333, 334. and one rabbit, K 087, wore 
inoculated with glycerin bouillon culture originating from renal 
abscesses from B 589 which had been inoculated with strain II (sec 
Chapter V, diagram 0 as well as Chapter VII) and which contained 
both fungus elements and solitary acid-fast rods. G-p 333 was given 
1 cc intrapcritoncally and the other guinea-pig 1 .5 cc subcutaneously 
in the right groin. They were Icillcd after respectively 3 and 8 months 
and did not show any pathological changes at the autopsy. The 
rabbit, which liad received 1 cc intravenously, displayed after 1 V 2 
month paralysis in the back part of the body and died within 2 
months after the inoculation. At the autopsy iironounced cachexy 
was found (loss of weight 690 gr.), but otherwise nothing remarkable. 
Microscopically was noticed pronounced haemosiderosis in the 
spleen, and in the brain diffuse malacic and glial foci, while the 
other organs did not displaj' any, or only trifling, changes. No 
findings of micro-organisms were made. 
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From the liver of R 591 inoculated, too, with strain II (see the 
above-mentioned Chapters), a glycerin bouillon culture had been 
made. This culture showed fungus after 24 hours at 37° C, and 
within 7 days also plenty of acid-fast rods. In smears taken after 
7 to 14 days’ growth were found amongst the fungus elements the 
acid-fast rods largely arranged in bundles, Avhich in size and out- 
line showed similiarity with ovoid fungus ceils (PI. V, figs. 4-— 7). 
— These figures agree fully with those of Reenstierna (103) from 
1912. — From a non-acid-fast mycelial branch seems to issue a 
formation of acid-fast rods (PI. V, fig. 8). ' Amongst the fungus cells 
there occurred acid-fast rods partly lying close together, forming balls 
(PI. V, figs. 9 and 10), and partly in large irregular agglomerations 
(PI. VI, fig. 1). Even acid-fast fungus elements were found in 
Ziehl-Neeisen stained preparations (PI. V, figs. 11 and 12). In 
an agglomeration of non-acid-fast fungus cells of ordinary size 
was noticed a larger acid-fast ovoid cell, ostensibly consisting 
of closely packed, acid-fast elements. At one end of this formation 
there projected a rod-shaped “handle” (PI. V, fig. 12). 

Three guinea-pigs, G-p 329 — 331, and 4 rabbits, R 683— -686, were 
inoculated with the said culture. G-p 329 was given sirbcuta- 
neously in the right groin 1.5 cc of the 7 days old culture, and 
G-p 330 and 331 intraperitoneally respectively 1.5 and 1 cc of the 
11 days old culture. After 1 month G-p 329 had a healed fistula 
in the right groin (the animals were not observed in the interval). 
G-p 331 was killed after about 3 months and the remaining ones 
after 8 months. None of the animals displayed any appreciable 
changes of internal organs. Of the rabbits, R 683, which was 
inoculated intravenously with 1.5 cc of the 7 days old culture, mani- 
fested after 4 days paresis of the hind legs and died one day later. 
In the lungs were noticed haemorrhagic foci, and in the kidneys a 
remarkably large quantity of white nodules the size of a pin s head, 
which contained a large quantity of fungus cells, as well as solitar} , 
short, clumsy, acid-fast rods. On making a culture from the ki^iey 
abscesses on glycerin bouillon, only growth of fungus was obtaine 
A microscopic examination was made only of the central nervous 
system, which displayed diffuse abscesses (PL XII, fig- 3), con 
tabling numerous fungus cells, some of which, Ipng in agglonre 
rations, were plentifully provided with granules (PL VII, fig- h 
which imparted to the cells a certain likeness to the “cones descn 
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bed by Hallberg (43). B 684, wbicb Avas inoculated Avitli 2 cc of tbe 
9 days old culture, died after 7 days. The rabbit had then lost 
760 gr in weight. The lungs and kidneys displayed abscesses 
(PI. XI, fig. 2), which contained plenty of fungus cells, Avhile no 
acid-fast rods could be found. On making a culture from the kidney 
abscesses on glycerin bouillon, a groAA’th of fungus Avas obtained, 
and in a smear after 6 days at 37° C acid-fast, fairly short rods 
lying in the form of a tuft, could be seen. B 685 Avas inoculated 
AAuth 0.5 cc and 0.75 cc of the glycerin bouillon culture originating 
from B 591, 11 respectively 21 days old. 6 weeks after the last 
inoculation, when the rabbit had lost 850 gr of Aveight, there 
occurred moderate hyalitis oculi bilateralis. 9 months after the last 
inoculation, Avhen the animal AA’as killed, it shnAA^ed cataracta oculi 
bilateralis. The rabbit was then aa'cII nourished and did not mani- 
fest any appreciable changes of internal organs. In both eyes 
Averc noticed pronounced changes, and in one eye could be seen in 
an abscess plenty of fungus cells surrounded by a hyaline border. 
B 686 AA'hich A\'as inoculated A\’ith 1 cc of the 11 days culture, died 
after 18 days. The rabbit Avas lean, loss of Aveight 1,540 gr. It 
shoAA'ed focal, purulent nephritis Avith interstitial, strong fibrosis, 
and beneath the surface of the kidney cortex solitary, small absces- 
ses. In the abscesses AA'ere discerned some highly suspected fungus 
cells, but on cultivating in glycerin bouillon and on Hohn-medium 
no groAvth Avas obtained. In the mesenterium Avere found a fcAv small 
cysts, which contained parasites, certainly belonging to the intestinal 
AYorms. 


CHAPTEB IX. 

Passages in Rabbits and Guinea-pigs with Material (crushed 
organs and culture) from R 527, which had been Inocul- 
ated with Fungus Strain 11. 

One of the rabbits inoculated with glycerin bouillon cultures from 
the fungus strains, B 527, as described in Chapter VI, manifested in 
the lungs, liver and spleen changes Avhich reminded one of tubercu- 
losis, and consisted in the lungs microscopically of granulomata of 
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Boi Be.'^enmg tier Tuberlcnlo^e im Sinne evner pro- 
»ltskrivfr. UinwAudhing bun es xnuach^t ;’.u einer Vonnchrnng 
.-t-r Bvr.’.pholu'.-tioi'.yten, sprirer, bet kliniscber lleilung ?.u einer 
XorinaU-ierung, mit Hiickgang tier Gesn mtKcllenxubl untl Ab- 
nahme tier BYinpliolnstit>xyten. .Da or die Lymidioliistioxyton 
vom B-B^ iddeilet nnd die ])roduktivcn Vcrandornngcu im Tuber- 
i.vl eb-nblL-' durcb Hyper pla.-^ie der rctilcnlocndothelialcn Zellen 
enlAtehen, I'ubrt or dn*-' rarallelgehcn der grannloniato.scn Ver- 
rind' rnnu’en in d<"r Lnngo und die lymphohi.sto;:\'laro Heaktion 
in df'r Kantiiaridenblase nuf gleifdiartige Yorgiingc itn HES bol- 
der firgane rnriiek, wobei tier Allergic cine grossc Hollo boigo- 
nu''.'n wrd. Kanffmann stiUxt aich dabei anf die Arbeiten von 
Hibde. <}<■!• im Tiorver-sneh nuf den glcichen ontzundnngserregon- 
tlen Hoiz cinmal iiberwiogond noutrophile, anderenialc co.^tinophik; 
oib-r lynvpboide Zcdlon im akuten Entziindungsgebiet- erscheinen 
f-aii, mid da.‘t formale Gcschchcn dcs Entzvindungsgebiotes fiir 
eins dor fcin.sten Symptome der cingetretonen Allergic biclt. 

In die«em Zusammenhang nnissen tvir nns zuniicbsb vergegen- 
wilrtigen, nm was fiir cine Hcaktion es sick bci der Kantharidcn- 
Masc iibcrlianpt handclt. Giinsslcu biilt den Knntbaridcnblascn- 
inluilf fiir Gcwobsflilssigkeit., deren Bosebaffonheit von den im 
Gewrdse zirkuliereiulcn Kolloiden und Krista lloidcn abliangt ; or 
.^flirankb diosc Anffn.«sung zugloicb aber cin nnd nimint an, dass 
die Blascnfliissiglcoit zum Teil nuch direkfc ans dem Blutc stammt. 
Kauffmann wios in Sohnittpraparaton nacli, dass der Blaseninhalt 
.Sehblfso auf tlie Hcaktion dcs Coriunns zuliisst, so dass die Kantha- 
ridonblasc nn.'^pezifisciic Heaktionen dos Hautorgan.s wieder- 
spiegidt . "NVir baben es donnacli tnit einer, wenn aneb niebt reinen, 
pirg.'inreaktion zu tun. AVir wissen aber sebon ans anderen Gebicten 
dor itui'Ton Modizin, dass bio])tiscbc Hntersuebungen von Organ- 
piinktaton cine Bcreicboning nnscrer kliniscbon ^Ictboden dar- 
st'.ilciu win das nns die ICrgcbni.s.se der Sternal-, Lyinplidriiscn-, 
^dib> nnd Lcbcrjninkiion zeigen. Als cine leiclifc reprodnzier- 
b;!rc Ibaktion einer brtliclien Entziuidung dor Hant; .war die 
Kanibaridenblasc fiir uus von Interessc. Es sei sebon bier betont, 
du'%< die Blaseiiflus.^igkeit cine andcre zellnlarc Healction nufwics, 
nifi die Inberkniinpapel, win nns dns systeinntiscbc vergloicbende 
I iuer:vncjmngen zeigten. Es sei ferner erwabnt, dass die Zellzu- 
rmnrr.cnsctznng in der Kantbaridenblase nacb unsoren Beftindon 
niidst voin Blutbild abhiingt, cine Yerrnebrung der Lyjn]>bobistio- 
i'y‘m gincr luit finer Blutlympbo- oder Honozytose niebt parallel. 
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later ■weakness in the hind legs. When the rabbit, died, 6 montlis 
after the inoculation, it was extremely cachectic. Outside the left 
temporal bone was noticed a caseous focus the size of an almond, 
which pushed the left eye forward, and microscopically proved to be a 
partly calcinated, caseous abscess, very strongly reminiscent of an old, 
tnbcrculoiis, caseous focus. It was surrounded by a fibrous capsule with 
epithelioid cell granulomata with caseous necroses, greatly resembling 
tubercles (PI. XVII, fig. 2). On both elbows and knees, as well ns in 
the left joint of the foot, were noticed large, knotty, caseous layers 
(PI. XVI, figs. 3 and 4), and also near the thoracal part of columna 
vertcbralis a caseous focus the size of a pea, all of them being found 
microscopically to be necrotic osteomyelitic foci surrounded by 
a border of epithelioid cells. In all the foci there occurred acid-fast 
bacilli of KoclCs type, partly diffuse and partly in agglomerations 
(PI. VIII, fig. 5). On the apices of the lungs were observed abscesses 
and otherwise small, whitish foci, which microscopically were found to 
consist of non-necrotic granulomata of epithelioid and round cells, and 
contained sparse acid-fast rods. The normal-sized spleen displayed 
macroscopically enormous haemosiderosis and diffuse epithelioid 



cell granulomata with numerous rudimentary giant cells, as icell as a 
central necrosis with calcination and large quantities of acid-fast 
rods. The kidneys manifested on the snxface hyaline, cicatrose 
pits, and in the parenchyma some whitish nodules. Microscopically 
there were seen cicatrose striae through the cortex, as well as fresh 
cortical gramdomata of masses of eyithelioid cells and central caseous 
necroses with acid-fast hacilli. Great similarity with tuberculosis. The 
ileum and caecum displayed on the surface plenty of yellow foci (PI. 
XVI, fig. 2), consisting of granulomata lying in the submucosa with 
a moderate quantity of acid-fast rods. In the brain -was found, apart 
from small, glious and insignificant perivascular granulomata, an 
older abscess with central, caseous necrosis containing enormous 
quantities of acid-fast rods, lying partly in bundles and partly in 
balls (PI. VIII, fig. 4). E 584 Avas killed after 3 months, being then 
well-nourished. In the right lung was observed a largish, hyaline 
part which microscopically was seen to consist of an epithelioid cell- 
like proliferation of the alveolar walls. The spleen was of normal size, 
with a few white nodules the size of a pin’s head (PI. XVIII, fig. la), 
which microscopically was found to consist of efithclioid cell gram- 
lomaia ivith numerous rudimentary giant cell formations, and one 
and another granuloma commencing to turn into a caseous necrosis. 
Bather plenty ot acid-fast rods. 6-p 307, which after 3 weeks at 
the spot of inoculation displayed a subcutaneous abscess the size 
of a hazel-nut, Avas killed after a further 3 weeks. Xo changes had 
taken place in the internal organs. In the right groin was noticed 
a subcutaneous abscess, Avhich contained rather sparse acid-fast rods, 
and was surroimded by a membrane with the appearance of granulo- 
matous tissue rich in cells, Avith epithelioid cell granulomata in one 
spot, but without giant cells or necrosis. 

Tavo guinea-pigs, G-p 324 and 325, Avere inoculated subcutaneously 
in the right groin with 0.5 mg respectively 0.25 mg of the 57 days old 
Hohn-culture from the spleen of B 527. Both displayed after 10 days 
in the groin an abscess the size of a hazel-nut, which after quite 
weeks fistulated. G-p 324 was killed after 9 months, and no patho- 
logical changes were found. G-p 325 Avas killed after 3 months. 
In the right groin were observed two abscesses the size of a pea, w 
places necrotic, /and surrounded by a narrow border of epithe loi 
cells and containing plenty of acid-fast rods, separately and in aggj 
merations, some of them under phagocytosis (PI. VII, figs- 6, 7). 
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the right side of the arterin iliacn dexter was found a ])Tnphatic gland 
the size of a hazel-nut kernel, which contained epithelioid eell 
grctnulownta with central abscess formation, but without necrosis. 

From an ostcomyeltic focus in the region of the left knee-joint 
of R 575 and the spleen of R 584, Lowcnstcin-culturcs were made. 
In both growth of s\ilphur-ycllow, moist, scmiglobular colonics of 
acid-fast rods up to twice the size of a pin’s bond was obtained after 
14 days (PI. XXII, fig. 6). The third and following generations 
of the culture from 11 575 showed, apart from the above-mentioned 
colonies, also larger, nnevcnl}’ convex o?ics with pits in the centre 
(PI. XXII, fig. 7). 

A dab the size of a pea from the osteomyelitic focus in the left 
joint of the knee of R 575 was emulsioncd in 10 cc XaCl-solution, 
after which two rabbits, R G89, 690, were inoculated with this intra- 
vcnouslj’ with respective!)' 1 cc and 1.5 cc, and three guinea-pigs, 
G-p 380, 381, 383, the first-mentioned intrapcritoneally with 1 cc 
and the other two subcutaneously in the right groin with respectively 
1 cc and 1.5 cc. The two rabbits increased to start with in weight, 
after which there was a severe drop in weight. The animals died 
after respectively 1 ^/n and 2 months. (Sec weight curve below.) 
R 689 showed severe cachexy and a greatly increased spleen (10 cm 
long) pervaded by nodvdes the size of a pin’s head (PI. XVIII, fig. 1 ), 
and microscopically pervaded by large and partly confluent caseous 
necroses, surrounded by thinner or broader epithelioid cell borders. 
Here and there typical Langhans' giant cells. Histologically, the 
changes were on the whole identical with tuberculous changes (PI. 
XIX). The necroses were pervaded by enormous quantities of acid- 
fast bacilli, especially in the periphery, where they were lying partly 
diffuse and partly in large balls, and also partly in macrophagi and 
in the Langhans’ giant cells (PI. VIII, fig. 8). Nodules also occurred 
in the lungs, liver, and kidneys, though not so plentifully. IMicro- 
scopically, the changes manifested themselves chiefly as typical mi- 
liary tubercles, having in the lungs moderate and in the liver plenty 
of acid-fast bacilli, diffuse and in bundles or balls. The nodides in the 
kidneys consisted of granulomata without caseous necrosis or giant 
cells, partly composed of epithelioid cells. Here and there acid-fast 
rods. R 690 showed at the autopsy severe cachexy. The lungs were 
pervaded by. major or minor caseous foci (PI. XVIII, fig. 2), and 
microscopically they displayed as a rule in the parenchyma, especially 
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Diagram 10. 



below the pleural surface, miliary and major tubercles, with caseom 
necroses and purulent mixtures, and also in the surroimdings diffuse 
LangJians’ giant cells (PI. XX). A moderate quantity of add-jmt 
rods. In the liver and normally sized spleen were observed plenty 
of nodules the size of a pin’s head (PI. XVIII, fig. 2), and microscopi- 
cally numerous miliary tubercles with caseous necroses and Langlmi 
giant cells (PI. XXI, fig. I), and plenty of acid-fast rods, singly or in 
accumulations. Similar foci, though without tyypical giant cells, oc- 
curred also in the kidneys. G-p 380 died after 5 months and was then 
lean but manifested no pathological changes. G-p 381 lived in perfect 
health for another 7 months after the inoculation. In G-p 383 was 
after 14 days observed at the spot of injection a subcutaneous ab- 
scess the size of a hazel-nut, which was still there when the animal 
died about 5 months later. The guinea-pig was then lean. The abscess 
in the groin, which contained ymllowish-white pus and fairly sparse 
acid-fast rods, was surrounded by a membrane with numerous epi- 
thelioid cells. A slightly enlarged lynnph gland near the arteria 
iliaca displayed slight, chronic adenitis. No specific changes were 
observed in the internal organs. 

0,2 mg of a 36 days old Lowenstein-culture (third generation) 
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from an osteomyelitic focus of R 675 was inocrilated intravenously 
into a rabbit, R 665, wliicli died after 3 weeks. Its lungs, liver, and 
enlarged spleen presented a fine-grained surface but no macroscopic 
foci. There were observed plenty of cpiiJiclioid cell gmnnhmala, 
without necrosis. Only in the liver were found here and there rudi- 
mentary giant cell formations. Particularly in the spleen and liver 
occurred remarkably plenty of acid-fast rods, largely in bundles and 
balls. No specific changes were noticed in the kidneys. 

From the spleen of R 689, from the liver of R 690, and from the 
inguinal abscess of G-p 383 Lowenstein-culturcs were made, where 
the acid-fast rods grew after 14 days, and, in so far as the two first- 
mentioned were concerned, vnth colonics of the same appearance as 
described for the third generation of R 575 (PI. XXII, fig. 8). The 
cultures from G-p 383 manifested, however, a different appearance. 
After a little more than 14 days the colonies were scarcely the size 
of a pin’s head, greyish-white and not so moi.st (PI. XXII, fig. 9). 
After another 2 weeks they were somewhat larger. Although the 
full-grown cultures were then kept at living-room temperature, the 
colonics assumed only a slightly yellowish tinge. Microscopically, 
it was impossible to distinguish the cultures. All of them contained 
only acid-fast rods, somewhat shorter than those observed in the 
organs in question. 

0.2 mg of the 36 days old Lowcnstcin-culture from R 689 was in- 
oculated intravenously into a rabbit, R 542. The latter died after 
16 days. Apart from an enlarged spleen no macroscopic changes 
could be seen. The lungs manifested intimated bronchopneumo- 
nic infiltrations with a moderate amount of acid-fast rods. The 
liver was pervaded by granulomata with solitary minor giant 
cells, but no necrosis (PI. XXI, fig. 2). Plenty of acid-fast rods, 
largely lying in bundles and balls. In the spleen, too, were observed 
granulomatous foci, indistinctly outlined, here and there with in- 
timated necroses. The same findings of bacilli as in the liver. In 
one kidney was found a subrailiary, granulomatous focus of epi- 
thelioid cells, surrounded by round cells. >Some groups of acid-fast 
rods were encountered, inter alia in a couple of glomeruli. 

A bit the size of a pea of the spleen from R 690 was crushed and 
emulsioned in an NaCl-solution, and inoculated subcutancou.sly into 
the right groin of two guinea-pigs each, G-p 384 and 385. In both 
there was manifested after about 2 weeks at the spot of injection an 
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abscess tbe size of a walnut and bazel-nut, respectively, whicli in the 
case of G-p 385 fistulated a week later. 3 months after the inocula- 
tion, when G-p 384 was being treated on its back with barium sulphide 
for the purpose of getting a surface free from hair for tuberculin 
tests, the guinea-pig died within 14 hours. The inguinal abscess 
contained fairly plentiful acid-fast rods. In a lymph gland near the 
arteria iliaca dexter were observed numerous submiliary epithelioid 
cell granulomata without caseous necroses, and without acid-fast 
rods. Only trifling microscopic changes were observed in the internal 
organs. G-p 385 lived in perfect health for another 5 months after 
the inoculation. 

0.1 mg of the 36 days old Lowenstein-culture from the liver of 
R 690 was inoculated intravenously into a rabbit, B 543, which died 
after 5 weeks. The spleen was enlarged, while otherwise no appreci- 
able macroscopic changes were manifest, hlicroscopically, there 
were observed in the lungs, liver and spleen numerous miliary and 
sub7nilia,ry tubercles. Histologically, great similarity mtli tuberculosis. 
A moderate quantity of acid-fast rods was found in the said organs. 

Tuberculin tests were carried ont in five of the animals accounted 
for in this chapter, viz. R 665, 643 and G-P 380, 381, and 385. The 
rabbits were tested 16 days after the inoculation, G-p 380 and 381 
after 5 months, and G-p 381 after 3 months. The tests with the rabbits 
were carried out iutracutaneously in the shells of the ears, up to 1 
mg of human tuberculin and 0.1 cc non-diluted aviary tuberculin being 
used, and on the guinea-pigs intracutaneously on the back, ate 
the hair had been removed there with barium sulphide. In the tests 
with the guinea-pigs was used, apart from the said tuberculin, also 
a mixture of human and bovin tuberculin up to .1 mg. In no case 
was a typical positive tuberculin reaction obtained. On the sites for 
several of the tuberculin test-spots necroses were, however, obtained 
in the guinea-pigs two days after the injection, which was not 
seen in the controls with NaCl-solntion. In order to be able to 
exclude the abibty of the acid-fast rods to set up tuberculous 
allergy it will, however, be necessary to make more tests t an 

have here been carried out. _ . 

Compared with R 527, the organic changes in the rabbits 
lated with acid-fast rods in culture, or the rabbits inoculated wi ^ 
organic material containing acid-fast rods, have grown more an nior 
resembling tuhercidosis. if we ignore R 665 and 542, which died respe 
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tively 21 and 16 days after inoculation, wliicli may possibly have been 
tlic reason why no caseous tubercles had time to develop. In all the 
changed organs -were encountered acid-jast rods of Koclds type. 
They do, however, not appear to have been pathogenic for guinea- 
pigs, where with subcutaneous inoculation only an abscess occurred 
at the spot of inoculation, and besides in two cases changes in a 
corresponding Ij^'roph gland, in one of them with abscess formation 
with acid-fast rods. 


CHAPTER X. 

Discussion. 

• 

The initial material for the present investigation consisted of 
five fungus strains, isolated from sanatorium patients who were 
either being treated under the diagnosis of pulmonary tuberculosis, 
cases III and V, or had been under obsen^ation for suspected such, 
cases I, II, and IV. The five fungus strains agreed with each other 
in appearance, and with those that had been isolated hr* Reenstierna 
(103) from tuberculous material in 1912. 

inien the fungus had been cultivated over twelve months on 
ordinary agar tubes, single cell cultures were established of each 
strain by means of a microraanipulator, after which cultivation on 
ordinary slanted agar rvas made for 10 generations. It must there- 
fore be considered out of the question that tubercle bacilli should 
after that have been present in the cultures when subsequent animal 
tests were carried out with the same, or with cultivations on 
media favourable for tubercle bacilli. Since we have not ns yet 
any established method of classification for the fungi imperfecti, 
i. e. the yeast-like filamentous fungi, in which it has been impossible 
to demonstrate any sexual reproduction, I have not tried to classify 
my fungus-strains. The strains showed, irrespective of their varying 
capacity to produce acid-fast rods, varying but mutually the same 
cultural, tinctorial, and biochemical properties. On ordinary slanted 
agar the fungus grew in colonies which corresponded to the R- and 
S-form of the bacteria, of which the latter was the one most com- 
monly occurring. Such dissociation has been described in yeast- 
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like fungi during the years 1937-1938 by Besta (12), Castellaai (22\ 
and Pinkerton (92).^ Two tjnpes of growth could be distinguisLa 
also in glycerin bouillon cultures, partly as cloudy, stringy masses 
which might grow along the sides of the flask and out over tlie 
surface of the medium in the form of a soft pellicle, partly, though 
less commonly, as a granular growth only on the bottom of the flask. 
The stainability of the fungus elements varied to a high decree 
according to the age of the culture, so that the acid-fastness with 
Hallberg-stain, and also gradually the general stainability, diminished 
with gradually increasing age of the cultiue. The ability of the 
fungus-strains to disintegrate certain carbohydrates during the 
development of gas, was investigated, when this ability proved 
capable of changing in the course of six months, something that 
Castellani showed possible to take place. 

In five glycerin bouillon cultures from three of the fungus strains 
originating from single cells there appeared amongst the fungus 
cells acid-fast rods. In view of these findings one may ask how the 
acid-fast rods could be generated. No definite answer can be given 
to this question, but if all the observations made of acid-fast rods 
emanating from fungus cells are summarized, one can get a certain 
idea of the course of development. It is therefore necessary to com- 
pare my findings with previously made ones, viz. by Reenstierna 
and by Gullberg. 

Reenstierna (103) observed in 1912, as mentioned in the historical 
survey, in two glycerin bouillon cultures made from single cells 
of a yeast-lUce fungus originating from tuberculous material, how 
the acid-fast rods, precisely like Koch’s bacilli, which had ap- 
peared could lie ordered in formations that presented the same 
size and contour as the surroimding ovoid fungus cells. He con 
sidered that the acid-fast rods were formed in the fungus cells, 
which then disintegrated and evacuated their content. Some o 
his illustrations reproduce both ovoid, round, and elongated fungiis 
cells in states of disintegration. That the acid-fast cells cou^ 
develop in the manner stated, is apparent also from Gullbergs 
researches in 1933—1935 (41). An interesting formation, which 
probably constitutes the preliminary stage of such an ovoid formation 
as that described by Reenstierna, was observed by me in a g y 
cerin bouillon culture originating from the liver of a rabbit, R 
which had been inoculated intravenously five times with glycni'i 
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bouillon culture of strain II (PI. 4, fig. 12), viz. a large acid-fast 
cell, ostensibly consisting of closely packed acid-fast elements. 
In tlie upper part of this formation there projected a rod-shaped 
“handle”. Furthermore, there were also found in the same culture 
acid-fast rods lying like ovoid formations (PI. V, figs. 4 — 6), as well 
as conglobations of acid-fast rods (PI. V, fig. 10), probably originated 
through propagation of the original rods lying in ovoid formations. 

In two figures (PI. IV, figs. 5 and 6) taken from Gullberg’s work 
one imagines to see a course of development of the acid-fast rods 
slightly differing from the aforesaid. Fig. 5 illustrates between long 
fungus cells a non-acid-fast, amorphous mass with granules and very 
short rods, some of which are acid-fast. Fig. 6 shows a large, round 
formation, whose periphery consists of a UTeath of ovoid fungus 
cells, while its centre is occupied by a net-work of blue filaments 
(Ziehl-Neelsen stain), in which there are acid-fast rods. These pic- 
tures seem to me to illustrate two stages of the formation of acid- 
fast rods. 

Furthermore, I fancied several times that I had found in gly- 
cerin bouillon cultures of the fungus strains 11 and III some 
fine, unstained, mycelial filaments. Also stainable, shorter and 
longer, filiform elements have been seen. Thus PI. Ill, fig. 5, illu- 
strates rod-shaped ones, with acid-fast granules at the ends, while 
fig. 6 of the same plate shows filiform elements, of which some are 
acid-fast, whereas fig. 7 shows only acid-fast ones. PI. TV, fig. 1, 
shows a ragged bundle of acid-fast rods and filiform elements, of 
which one of the latter seems to issue from a round fmigus cell. 
The said filiform elements must have developed from the fungus 
cells, and the short, rod-shaped ones may have originated tlirough 
fragmentation of the longer ones. 

By way of summary one might be able to say that the acid-fast 
rods no doubt originate from an amorphous mass in the fungus 
cells, which via non-acid-fast granules and filaments differentiate 
into acid-fast elements. Sometimes, the outlines of the fungus 
cells seem to disappear first after this development, sometimes 
the fungus cells seem to disintegrate before its contents have been 
differentiated into acid-fast elements. 

This must, of course, only be considered as hypotheses for a couple 
of probably several possibilities for the formation of the acid-fast 
rods, which is certainly of a very complicated nature. 
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Intravenous inoculation into rabbits of agar cultures of the fun- 
gus strains produced a change in the body temperature, analoaou- 
to that shown by Ostrowsky (87) with fungus isolated from thmsh 
In my animal tests were employed, as far as ever possible, not fully 
grown rabbits, which, with few exceptions, after the inoculations 
did not display the same rising weight-curve as the non-inoculated 
ones. Several of the animals died cachectic, something which had 
previously been pointed out by some authors, Eeenstierna (103) 
Pijper (91), Gullberg (41), and Krauspe (59) after inoculation with 
yeast-like fungus. Often there was manifest distinct splenitic atrophy, 
and the brittleness of the skeleton was striking. 

The inflammatory changes of the internal organs were more pro- 
nounced, the sooner the animals died after inoculation, hut not so 
generally disseminated as has mostly been described after inoculation 
with fungus of yeast type. This may he explained by lowered vint- 
lence in the fungus strains on account of prolonged cultivation on 
media — more than 12 months. 

Inflammatory changes in the form of abscesses, round-cell in- 
filtrations and granulomata were found mostly in the kidneys, 
and next to them in the liver, the lungs, the heart, and the supra- 
renals, and furthermore also degenerative changes, especially hepatic 
necroses. Only in one rabbit, K 527, were tuberculoid changes 
obtained in the lungs, liver, and spleen, which in the lungs consisted 
of granulomata of epithelioid cells mixed with giant cells up to the 
size of a pea, and also here and there in the granulomata caseous 
necroses, but in the liver and spleen of small granulomatous foci 
without necrosis. In the liver and spleen were met with acid-fast 
rods, which on being cultivated grew in pure culture, while similar 
ones in the lungs occurred together with gram-negative, non-acid- 
fast, pasteurella-like rods. I shall revert later to attempts at ex- 
plaining the origin of these foci. 

In a large number of cases, 26 out of 42 inoculated with gly cenn 
bouillon culture (furthermore also in a few inoculated with agar 
culture), there occurred disturbance of balance or paresis, w 
the symptoms have possibly been obtained by co-operation betucen 
the fungus cells and other imcro-organisms, inasmuch as the nenro 
logical symptoms only rarely occurred in the non-inoculated ra ' 
in the stable, while histological changes of the same nature, sma^ 
granulomata, and in general perivascular infiltrations, coiu 
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proved to exist in prncticnlly all rabbit-s, both inoculated and non- 
inoculated ones. In six cases there occurred birthcrmorc changes 
in which Enccphalitozoon cuniculi could be proved. Only in 
throe cases were yeast-like fungi observ'cd in the central nervous 
system. 

In 12 rabbits occurred macro.scopic ocular changes in the form of 
hyalitis. in the majority of cases with secondary cataract. IMicro- 
scopically there was present, considerable retinal dcstrviction, with 
abscesses as well as necroses of the periphery of the lens. 

In altogether 2<i rabbits out of the 42 inoculated with glycerin 
bouillon culture of the fungus strains, fungus colls were encoiintcrcd 
somewhere. Fungus elements were also found in some rabbits which 
had been given inject ions of agar cult ure. In 15 cases the fungus cells 
could be proved in the pectoral or abdominal orgaiis, while a growth 
of the fungus in question was obtained by culture in only 4 cases. 
Of these animals, from which a growth of fungiis was obt ained, 3 had 
died within 10 day.s. Although the material is too scanty to enable 
safe conclusions to be drawn, the re.sult.s nevertheless point to the 
possibility of finding fungus cells in the pectoral and abdominal organs, 
the same as the obtaining of growth by cultivation from here is 
greater a short, time after inoculation than later. Of the 15 animals 
from which cultures were established, there were found in smcnr.s or 
sections fungus cells in 9, but cultures of these were only obtained 
in 4 cases. That a growth of fungus failed to take place, although 
fungus cells could be proved in smears, has been pointed out by 
Reenstierna, who considers this perhaps to be due to the fungus colls 
being in a state of disintegration. 

Although the fungus cells could not be proved ns a rule after 
about a month in the pectoral and abdominal organs, it was never- 
theless possible, after a long time, to observe them elsewhere. After 
6 months there was found a largish accumulation of fungus cells 
in the fourth ventricle of the brain of one rabbit, and after the same 
period in the eyes of 7 animals. A striking feature is that in so re- 
latively many cases of ocular changes fungus cells coidd be proved 
after such a long time as six months. The explanation of this is 
probabl)’’ that the eontent of antibodies in the vitreum in ocular 
infections, which Kufflcr (61) has shown in 1912, is very small. He 
found with a content of antibodies in the blood of 1 ; 10 000 that 
the same was 1:10 in the vitreum. 
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_ Acid-fast rods were observed in 4 animals out of those inckded 
m the series, in lungs, liver, and spleen of one, R 527 (whose organic 
changes have previously been mentioned in the discussion)' k 
nephi-itic abscesses of one, R 589, and in ocular abscesses of two 
R 568 and 652. Acid-fast rods ivere furthermore found, in abscesses 
of another 4 rabbits, although not included in the animal series 
dealt with, but mentioned in Chapter VII. Although thus acid- 
fast rods could be proved in altogether 8 rabbits, organic changes 
caused by the acid-fast rods appear to have occurred only in one 
R527. The general condition of this animal, which suffered from 
an intercurrent affection, caused by gram-negative, non-acid-fast, 
pasteurella-lilre rods (see aecount of this in Chapter VI) was greatly 
impaired, which may explain the fact that the acid-fast rods were, 
able to overcome the animal’s power of resistance; and become 
pathogenic. There did not exist any basis for assuming that these 
■were derived from the intercurrent affection, for which reason they 
must be considered as having originated from the fungus cells, as 
has been shown to be possible of appearance in cultures, and which 
seems to have occurred in the seven other rabbits where acid-fast 
rods had been obtained. 

Altogether 9 guinea-pigs and 5 rabbits were inoculated with cul- 
tures containing both fungus cells and acid-fast rods, when no 
tuberculous changes were obtained. The circumstance that acid-fast 
rods, originating from fungus cells did not produce tuberculous 
changes, also Reenstierna found, and considered this to be due to 
the acid-fast rods only being a preliminary stage of tubercle bacilli. 

With cultures containing merely acid-fast rods and derived from 
R 527, passages were made in rabbits, when tuberculoid changes 
were obtained, which in the second passage, R 689 and 690, were 
identical with those obtained after the inoculation of ordinary tuberc e 
bacilli. Two rabbits, R 665 and 542, which died after respectively 
3 weeks and 16 days, showed in the internal organs chiedy granulo- 
mata without necrosis, certainly due to the animals, dying so soon, 
that typical tuberculous changes had had no time to develop, 
the first one of the inoculated rabbits no enlargement of the sp 
existed, but in the continued and further passages consi era 
ones. In all the organic changes were as a rule foimd p en y 
acid-fast rods of the same appearance as Koch s haciUi, lying pa ^ 
spread about, partly in bundles, some of them being phagocyt 



and also partly in large balls. By subcutaneous inoculation of 
the acid-fast rods into guinea-pigs abscesses were obtained at the 
spot of inoculation, which in those animals that lived for a longer 
time, gradually disappeared. All the abscesses investigated con- 
tained acid-fast rods. Only in one guinea-pig was found a lymph 
gland with an abscess containing acid-fast rods, while the other organs 
did not manifest any specific changes. 

Two rabbits and three guinea-pigs which had been inoculated 
with acid-fast rods, originating from E627, were tested with up 
to 1 mg of a mixture of human and bovine tuberculin, without in 
any case typical tuberculin reaction being obtained. The same 
result was obtained in tuberculin tests of rabbits inoculated with 
the fungus strains. 

On cultivating the acid-fast rods from B 527, these grew on Hohn- 
medium in 14 days in a temperature of 37° C in the form of moist 
colonies the size of twice a pin’s head, while later generations .showed 
unevenly convex colonies with pits in the centre. In culture tests 
at living-room temperature and temperatures of 46° C, no growth 
resulted. From a guinea-pig, G-p 383 — inoculated subcutaneously 
with material containing acid-fast rods from one of the rabbit-pas- 
sages — cultivation was made from an abscess on the inoculation 
spot on Lowenstein-medium, when the acid-fast rods, after 14 
days at a temperature of 37° C, grew to whitish, very slightly moist 
colonies of hardly the size of a pin’s head, which after another 14 
days were somewhat larger. 
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In a historical survey. Chapter I, is rendered a synopsis of the 
occurrence of yeast-like fungi in healthy human beings and in such 
with morbid changes, especially in the lungs, and furthermore of the 
possible relation of these fungi to acid-fast rods, as well as of the 
mycotic nature of the tubercle bacillus. 

Cliapter II covers a brief account of the histories of five sanatorium 
patients w’ho were being treated for pulmonary tuberculosis or were 
under observation by reason of a suspicion of the same, and from 
each of which a fungus strain of yeast-type was isolated. In Chapter 
III is described tbe establishment of single cell cultures by means 
of a micromanipulator. 

In Chapter is rendered an accoimt of some morphological, 
tinctorial, and biochemical properties of the five fungus strains. 
Inter alia the capacity of the fungus to produce acid-fast rods is 
stressed there. Such rods have been found both spread out and 
lying in major and minor accumulations, and in certain peculiar 
formations that appeared in five glycerin bouillon cultiues from 
three of the strains. 

Chapters V and VI deal with animal tests, with intravenous inocu- 
lation of respectively agar and glycerin bouillon cultures of the fungus. 
The changes in weight of the test animals are illustrated in the majo- 
rity of cases by diagrams. In Chapter VII is rendered a simunary 
of tbe animal tests, symptoms and changes caused by inoculadon 
being dealt witli; important variations of temperature, often serious 
loss of weight, disturbances of balance and pareses, and also ocu ar 
and other organic changes. The changes of the internal orgaiis vere 
more pronounced shortly after inoculation than later on, with t e 
exception of the eyes, where the changes became manifest late. In one 
rabbit, R 527 , there occurred tuberculoid changes in the lungs, iver, 
and spleen, and from the two last-mentioned acid-fast rods of Koc & 
bacillus type were obtained in pure culture. Acid-fast rods wer 
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tioii, aucli der Blasenbilclimg, bei Anergie, fiir die Tuberkulose 
nicbt zutrifft: 

_ Fall 7. H. 16j. Miidchen maclitc 8 Monato vor der Aufnahme 
cine tbc. Primaiinfektion mit Ei3-tlieina nodosum duicb. Beim Eintiitt 
war das voile Bild der gcneialisiciten verkiisenden Tbc des Ij". Systems 
mit gtossen Driisen foststellbar. Der Yeilauf war unauflialtsam piogie- 
dient, Pat. staib untcr den Erscbeimingcn cinet tberapieiefraktaren 
tbroml>openiscben Purpura und Peritonitis. Die Sternalpunktion ergab 
neben einor myeloiscbeu Linbsverscbiebung eine aplastiscbe Eeaktion 
der Tbrombopoiese. Sektion; Sebwere verkasende Tbc der tborakalen, 
und abdonrinalen L}Tnpbknoten, der Milz, der Leber, ausgedebnte 
biimatogeuc Lungentbe. Die 10 Tagc vor dem Todc angelegte Eantba- 
ridenblase wies morpbologiscb 70 % J^^cutropbile und 30 % Lympbo- 
bistioz^den auf, wobei Yakuolisicrung und toxisebe Granulation der 
Xeutropbilen (wie im Blutbild) und die Beteiligung der grossen, gelappt- 
kernigen Zellen an der ly.-bist. Eeaktion auffiel. 

In dicsem Fnlle bestaud eine Tuberkulinanergie (Mantoux 
ansgewertet negativ) und aucb der klinisebe Yerlauf war aner- 
gisch. Die Kantharidenreaktion blieb aber nicbt aus, im Gegen- 
tcil, wir crhiclten cine ziemlicb grosse Blase mit 0.9 com triib- 
scrosem Inhalt, der einen Eiweissgebalt von G.7 % mit einem 
Albumin/Globulinvcrhultnis von 45/55 aufwies, wiibrend im 
Blutscrum 7.85 % Eiweiss mit einem Albnmin/Globulinverbalt- 
nis von 10/90 fcststellbar war. Der Befund ist mit der grosseren 
Pcrmcabilitiit dcr Gefa.sse fiir die feindispersen Albumine zu er- 
kUiren, so dass c.s im Reizcxsudat zur Anreicberung der Albumine 
kain. Das morphologiscbe Bild mit 30 % Lympbobistiozyten 
.solltc cher fiir eine giinstige Prognose spreeben, der Krankbeits- 
verlauf war aber unaufbalt.sam progredient imd der Tod trat 
u*/- Yoclicn nacb dem Eintritt in die Heilstatte ein. Die relativ 
baufigen Yersager sebriinken die diagnostiseb-prognostisebe 
Bedeutung der KBE erbeblicb ein und sie ist aucb fiir die Praxis 
teebniseb zu zeitraubend. Die Bedeutung dcr Metbode sebeint 
uns auf einem andcren Gcbiet zu liegen; sie ermoglicbt morpbo- 
logiscbc Einblicke in die Eeagibilitat des erAveiterten EES, die 
uns bi.': jetzt in vivo nocb vesagt Avaren. 


4. Ehvoisschomische Untorsuchungen. 

Die eiAveissebemiseben Untersuebungen sind fiir uns zunaebst 
aucb mit Eiicksiebt auf die Entstebung der EiAveisskorper im 
EES (Sabin, lleinlcin, Eobr, Wubnnann, Leitner) von Interesse. 



78 


clianged appearance. The acid-fast rods could not be cultivated at 
living-room temperature or at a temperature of 45° C, nor on any 
medium unsuitable for tubercle bacilli. 

In Chapter X the results of the investigation are discussed and 
theories for the origin of acid-fast rods from the fungus in question 
put forward. 



Appendix. 

Protocols of Inoculalccl Animals, 

It 691.' >;r. Kll|t'<l Ji*. itnv' nft<r tin' idtirtilnlinii. 

cf- 'Snmll iinii'tni.<‘il f<>ri iti tin' t.iiliH'y*. Oili'-rwin' no 
nn\('ro''roj>ic nluvnf:t'-i (tf iiitnrnnl ^ir^jon., 

.'fi'rr<>'m;M'r fj-rnm'initi’on : Tim hintn' .lio'v mitin-nm'' |>'r(V'it “Mtinr infiltrntiont mnl 
l•lu^(lvn■■(’^llnr in llm pinnll Jn .otii" S'ln.-t-. nniiitil.imnloiiH, Miiitll tor! 

of Inrp', litrlif, iiInHtiifttic <-rlI. of rx'tinil «hn)n'. Tim livrr ilm-t not iminifmt mty olinnp'.. 
(•ml tlm Biili-'ii (liyht |!"'l' ln'''(no"i(lrrt"f. In tlm l.iilrmx ^ nm n o.mj,!,- of minor. 
Tnodorntrl V ('icotn'’''' (•triim rvitli round orl| infdtrntn n*i. 1 l>r ovoi X'itltoiit olmm’r', 
Tlm Iirilin: In fonm odd ]ilnr.'.i in t|i.. rort«-\ |»'riva.rnlnr ri'iind n 11 inldtrntioni nml 
"liclit plioiiH jtrt'lifrration in tlm i<nrTonndinp". 

U 692. Wriclit n.OSo frr. Killrd I<1 dnyc nft< r 111" inoriilalion, 

.IiifojKij: Weight n.n.’n pr. No mni-romoiiir rlmnpi'i of inlcmnl orpnlt', 

.\/i>ro<a>;i|> I'.'iiriii'iofoin ; l.nm'". livi-r, l.idimy.. nod vi-ntriil" nillioiil ntij rliajip-i. 
In t In' .j'Irrn (n(*drrnt«' l»(irmo''idrro'i'» nml j>nr tly in tlm oonr>*’ (’f i'innt o*'ll dr vrli'jitm nt , 
Tlm lirnin: In .ovrrnl utimr. in tlm rortov j- rivn-nd'ir round l••■ll intiUrnti'aK ntnl [w rs- 
v(»«rnlnr prnnnlomntn uitli .nrronndiin; ttlioni J'rx'lifrrotion. Tli" rnim' rondition i'\i'ti 
in till' n-ntrnl ^'anKlinr. In tlm "nil of tlm tliinl \<iitriilr n ronijmi t round i-rll forn*. 

R 693. Wriclit pr. Kill'-d K- dny. nflrr tlm inonilnlion. 

Autoji*!/: tVoijdit -if*ltt r;r. N(t tnnrr,,-.ri»j';o oluiTtyr* of intrrnnl orennt. 

.Ifim'.rojoV fX(nMi(mifi‘''n .* 'I'lm Itwr dm'-* n“t .how rinyildmf jmtlmloririd, nnd tlm 
nplfvn triflini; liimmo'>!drro"i*. No r!mnp'» in tlm oyr.. Tlm lirnin; In nonm (• "- iilmmi in 
tlm rorlrx round, inilinry n'mrotio irrnnnlomntn. "liicli t mitnit; (mid'fn'<t (« itli llnlllmr;;' 
rtnin), tiny hodm., "Iiirh in .iro nml idinjm nrr'i' uiili iljo-o tlmt Imvi* N-rn di"rril'''d 
I'V Wriplit nnd (Tniplmnd fl ftHl, nml liy Imvnditi. Nirolnn. nnd Srli'” n ffiS) in ^•|•ontnm■oUl< 
rnhhit ('((oojdjnliti-, nml hy tlmin trtn)r*l /.‘nrr /'fiofiTiro-io rnniVm','. Minor non.rir-rrotir. 
inp prnnolonnitn in nonm few jilnron in iho .nlirortiml innrr"". rrrivnirjdnr infdtrn. 
tioiiH Imro nnd tlmro in tlm rmtrnl pnnplinr. Slipln round roll infiltrntionii in tin' roft 
nmmlirnimi nnniml tlio orrolH'llnm, 

n 691. tWipht ft, 1 1,7 pr. Killi'd If, dny** nfior tli,* inorulnlion. 

.■fnfop.t/: Wriplit H.nuu pr. No nmrrri.rojiio rliunp'r. of inirnnd orpnn-*. 

.IfiVrorro/oV rxnmitinlinn ; I.unps, liver, Iddimyn. nnd (’yo. do not nlinw nnytliinp 
jinlliolopicnl, "liiln tlm ii|,l(vii diijilnyrt niodrrnto lin>'ino'iidrrO'>ii. Tlm I'rnin: In roim. 
lew j>In(7"i in dm n rti'X inilinry nnd fuiliinilinry pmnuloinntn. nn " oil ni |«'rivn-mulnr 
round cell infiltrntion«, lirro nml tlmn' nl.o in tlm ronlrnl pnns'li;m. 

R 693. oipljl 2, .77,7 pr. Killi'd K, dnyn niter tlio inooulntion. 

.-Info/io/; M'eiplit 2,.7n(> pr. No inimronrojiic rlinnpe. of internnl (irpnni. 

Micriiwopir miminn/i'on ; Tlm Imipi nnd liver do not tdiow nnytliinp |inlliolopien!. 
In one of tlm hidneyn in visilde widiin the rortex nml nmrm'V nn inflnmmntory foi'in 

' 11m nniinnl^ of uhieh nn nreoiint iii pivefi in (hi'i npjmndix orenr in tlm nnnm ne- 
riimimen-! in the different elmptem. fnle-e. other" i-e emied the nniimd- "cri' inoeiilnted 
with any of tlm funpui elrniuK. nml the rnhhlts nhvnya intrnvemm-ly. 
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the Size of a liemp-seed, consisting of vast, interstitial round cell infiltrnUn , 
of the duct system and chronic, productive glomerulitis, besides S’ 
collecting ducts are dilated and filled with pus. The brain- Both inM . 

R 697. Weight 3,000 gr. Inoculated with ordinary baher’s veast in maUa-. 
culture. Killed 16 days later. ‘ yeast in maltose agar 

Autopsy; Weight 3,160 gr. No macroscopic 'changes of internal organs 

Mtcwscopic examination; No pathological findings in the liver, kidneys or eves 
while the spleen shows moderate haemosiderosis. The brain: In some places k the 'cor! 
te.x small, perivascular granulomata with surrounding giious reaction. 


R 698. Weight 3,240 gr. Inoculated like B 697. Killed 1 6 days after the inoculation. 
Autopsy; Weight 3,300 gr. No macroscopic changes of internal organs. 
Microscopic examination; Spleen, liver, kidneys, and eyes without pathological 
changes. Brain: In some solitary spots in the cortex of the cerebrum sparsely located 
perivascular granulomata. 


R 518. Died 3 months after the last inoculation. 

Autopsy; Pronounced cachexy. In the upper lobe of the left lung is seen a fibrosed 
focus the size of a large pea, with a fusion in the centre. Otherwise no macroscopic 
changes of internal organs. 

Microscopic examination; In the lungs venous stasis with diffuse and focal interstitial 
bleedings with alveolar oedema. In one place, jvist below the pleural surface, a sub- 
miliary necrotic fooos with central colliquation. The focus is surrounded by a concen- 
trically stratified capsule of connective tissue and infiltrated with round cells, plnsma 
cells, and leucocytes. In the firm part of the necrosis is seen a large number of round or 
oval bodies stained with liaematoxalin, much larger than lympliooyte foci (suspected 
fungus cells), furthermore some aoid-fast scalds and granules, probably remnants of 
fungus cells. The spleen shows strong atrophy of the pulp, with considerable coarse- 
grained haemosiderosis. Fibrous induration, of the follicles, and in one or two places 
miliary epithelioid cellular granulomata without giant cells or necrosis. In the Iddnep 
small fibrous scars, located radially in the cortex. In one of the soars an irregular 
caseous necrosis without fungus elements or remains of such, and without reaction 
in the surroundings. 


R 519. Died 3 months after the last inoculation. 

Autopsy; Cachexy. No macroscopic changes of internal organs. No microscopic 
examination. 


Othem’ise no macroscopic 


R 520. Died 4 months after the last inoculation. 

Autopsy; Cachexy. The spleen smaller than normal. 

changes of internal organs. nsivdi 

Microscopic examination ; In the lungs are seen minor areas with ate ec osis 
as slight cell accumulations interstitially, and in the liver slight accumu a lo 
round cells in the porta] cords. The spleen shows remarkably strong pulp ’ 

with coarse-grained pigment and parenchymatous atrophy, with closely ying . 

In some few places in the kidneys are seen very small round cell infj tra ions 
necrosis. Suprarenals without remark. 


R 521. Died about 3 Vs months after the last inoculation. 

Autopsy; Cachexy. No macroscopic changes of internal organs. etngis wirt 

Microscopic examination: The lungs present here and there slig ^ ^ witlwaf 
oedema. In the liver are seen several necroses of submiliary size, ® ^ ^ ® liaeinoS' 

cell reaction. No micro-organisms can be found. In the spleen modera e jm 
derosis with slight induration of the follicles. The kidneys disp ay jn, 

thin scars of connective tissue in the cortex, ooca-sionaily witli tn mg r 
filtrations. 
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die Veriinderungeu nach Tuberkiiliii waren geriugfugig. Immerliin 
nalim der Eiweissgelialfc in 10 von 14 Eallen zu, in je 2 Eallen blieb 
er gleicb bzw. er wurde niedriger. Das Albuniin/Globiilinverbalt- 
nis iiuderte sicli bei 9 Kranlcen zuguusten der Albumine und bei 
•1 Kranlcen zugunsten der GlobuUne. Die Zunabme des Gesamt- 
eiweissgehaltos spricbt dafiir, dass es infolge der AUergisierung 
zu einer erbohten Durchliissigkeit der Gefasse fiir Eiweisskorper 
gekoiunicn isfc. Die Zunahine der Albumine ist ebenfalls verstand- 
licb, weil die Gefasse zuersfe fiir die feindispersen Eiweisskorper 
durcbliissig werden. Die Globulinzunabme war bei 4 Schwer- 
kranken feststellbar, bei 3 mifc kavernoser Lungenfcbc und in 
eineni Ealle von doppelseifciger exsudativer Pleuritis. Es ist 
wahrscbeinlich, dass bei Scliwerkranken die Permeabilitat der 
Gefiisse soweit alteriert sein kann, dass sie dann aucb die grob- 
dispersen Globuline durcblassen. Zusammengefasst ergibt sicb, 
dass naeli Tuberlculinisiorung eine Vermehrung der Gesamtzell- 
zahl und der Keutropbilen, in geringerem Grade aucb der Lympho- 
histiozyteu eintrat, ferner eine Vermehrung der Gesamteiweiss- 
gehaltcs, luiufiger zuguusten der Albumine, seltener, namentlich 
bei Scliwerkranken, auf Kosten der Globuline. Die Mala’ophagen- 
reaktion, die sonst bei allergischen Zustiiuden beobachtet ivurde 
(Kallds u. a.), war also in der Kantharidenblasc nur geringfugig, 
dock iintcrsclieidet sick letzterc von reinen, akut allergischen 
Gewebsreaktionen. 

Die EiweissbeCuude in der Kantkaridenblase erklaren viel- 
leicht, weskalb in bestimmteii Eallen eine exsudative Pleuritis 
zu fibrinreicker Exsudation mit starker Sckwartenbildung fiikrt. 
Bei sekweren, entziindlicken Tuberkulosen koiumt es bei einer 
bestimmten Allergielage zu einer vermekrten Permeabilitat der 
Gefasse und zu Ubertritt von grobdispersen Eiweisskorpern (Glo- 
buline, Fibrinogen) ins Exsudat (die Verkaltnisse im Pleura- und 
Kantkaridenblasenexsudat sind eiuander aknlick). Praktisck 
nock wicktiger ist die Frage, ob es mittels der KBB moglick ware, 
die Eigenschaft eines Exsudates im intra- und estrapleuralen 
Pneumothorax vor der Einleitung der Bekandlung zu bestim- 
menl Es ist bekannt, dass eine stark fibrinose )>plastiscke)> Exsu- 
dation zu vorzeitiger Versekwartung des Pnx fiikrt, welcke die 
■\Virkung der Kollapstkerapie vereitelt. Da die Beurteilung des 
Fibringekaltes der KBR einfack ist, batten wir in ikr einen ein- 
facken Test, die vor dem Eingriff (namentlich bei extrapleu- 
ralem Pnx) angestellt, wertvolle Hinweise geben konnte. 
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Autopsy: No macroscopic changes of internal organs 

Ihcroscopic examination: Lungs, heart, and liver without any chances Tl, , 
d.sp aya moderate pulp hnemosideroais. In one kidney are seen in one spotin thl7 
of the raarrow-cortex mdinry granulomata. rich in cells, of uncharacterisfV 
rion. The central nervous system: In the cornua ammo„i;and 
tex cerebri, as well as in the subcortical marrow, plenty of perivascular m i 
infiltrations with surrounding glial proliferation. 

R 553. 8 months after the last inoculation there oppeared a pennanent. moderate 
disturbance of balance. The animal was Idlled 3 »/. months later. 

Autopsy: No macroscopic changes of internal organs. 

il/fcroscopic exatnination: Tlio lungs do not show anything noticeable, and in the 
spleen is seen a moderate pulp haemosiderosis. In the kidneys very numerous iine 
streaks of connective tissue o.vtending through the cortex down into the mamv 
and in the liver in a couple of places submiiiary granulomata in the parenchyma’ 
with uncharnoteristio giant cells. Very little similarity to the. Central nervoia 
system: In ono place in the cortex cerebri submiiiary granulomata without necrosis. 


R 554. 2 months after the last inoculation there was noticed hyalitis in both eyes. 
j\bout a week Inter manifest Joss of strength in the hind-legs, which later on showed 
distinct atrophy. 2 months after the appearance of the eye-symptoms was noticed 
a gathering of pus bilaterally in tho pupil. The rabbit died 4 Vj montlis after the last 
inoculation. 

Autopsy: Emaciated. The forward parts of the lungs permeated by purulent foci. 
In smears are encountered some few solitary fungus cells, quite a good many “cones”, 
ns well ns gram-negntivo rods. The abdominal organs without macroscopic changes. 

Microscopic examination; Tho lungs display diffuse bronchopneumonia in the esrly 
stage of necrotic disintegration (gangtaennl). In the liver there exists an uncommonly 
strong infiltration of round and plasma cells in tho periportal connective tissue, bst 
no sure parenchymal foci. Tho spleen displays hyperaemia and moderate pulp haemosi- 
dcrosis, and the kidneys some solitary, minute scars in the cortex. Eye; Forward 
vitreous humour abscess and chronic iridocyclitis with some giant cell formations nearest 
tho abscess. Eurthorraorc, chorioiditic and retinitio changes. No certoin fungus cclh 
encountered. Central nervous system: Especially in the lateral parts of the comui 
atntnonis are seen perivascular round cell infiltrations. In the pedunculus cerebri, 
on one side, there is found a small infiltration focus of round cells and in one side of 
the lateral thalamus nucleus a necrosis the size of a poppy-seed, in whose periphery 
are lying peculiar formations, calcifications? Slight coll reaction in the surrouudinf 
areas. No certain fungus cells in tho focus. In one place in the marrow of the vernib 
i.s .seen n focus resembling that in the thalamus, though smaller. In its interior roun 
cell infiltrations. 

R 555. About 2 months after the last inoculation increasing paresis of the liitKl- 
logs. Died 2 weelrs later. . , , 

Autopsy; Very emaciated. Contraction of flexors of hip-joints and atrophy m m 

logs. No macroscopic changes of intomal organs. 

illfcroscopic examination .• Internol organs without changes. Centra nervous s 

Both in the cortex cerebri and some solitary central gangliae rather sma , o en 
vascular, indistinctly delimited roimd cell accumulations. The same con i ion 
marrow of the cerebellum. In the spinal cord ate seen not only penvasou 
cell infiltrations but also round cell leptomeningitis and remnants o sma 
mata, which bad clearly been lying between the meninges. 

R 556. 2 months after the last- inoculation there appeared in weeks 

rately pronounced paresis, which was complete after 2 weeks. Af er 
the animal showed dry gangraena in the left paw, which was t en m 
quite 4 months after the last inoculation. . , pjialaug® 

Autopsy; Cachexy. Infection in the left paw almost healed. The , confl"*''*' 
of the paw protrude bare. Within the lower part of both lungs w n > 
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Untersuclnuig der Ivantliaridenblase im Vorversucli den Kran- 
ken 3 Tage lang taglich 3 x 15 Tropfen Bellafolin (Sandoz) 
gegeben, nacbdem sicb uns dieses Praparat in friiberen Ekg- 
Untersncbungen zur Diiinpfung des Parasympatbikus bewabrt 
hat (Leitner und Steinlin). Da bei allergischen Peaktionen der To- 
nus des Parasympatliikns erhoht ist, erschien uns diese Methode 
in Hinblick anf die Auffassung der KBR als allergische Eealrtion 
(Kauffinann) aussichtsreich. Nach den 3 Bellafolintagen wurde 
erucut ein Pilaster aufgelegt \md der Blaseninhalt nach 22 
Stunden untersucht. Bei 7 derart nntersucliten Kranken konnten 
aber keine verwertbarcn Eesultate erzielt werden, so dass eine 
Abhangigkeit der KBR vom vcg. N. S. anf diesem Wege nicht 
nachge-wicsen Averdcn konnte. 

Summary. 

A series of 221 patients vas investigated morphologically and 
l.)iochcmically by means of the cantharides blister. Eosinophilia 
in the blisters was found in 36 patients, most of rrhom also shov^ed 
blood and marrow eosinophilia. Parallelism between the number 
of eosinophils in the blood and in the cantharides blisters could 
not be established. Eosinophilia existed in the blisters even when 
absent in the blood, and on the other hand in one case eosinophilia 
was absent in the blister though marked in the blood. It must 
therefore be assiimed that tissue eosinotaxis plays an important 
part in the production of eosinophilia in cantharides blisters. Of 
the 36 patients 2S also showed an increase of lymphohistiocytes. 
68 patients showed neutrophil polymorph leucocytosis, and in 
78 the lymphohistiocj’tes were increased. 43 of the patients with 
disease processes belonging to Banke’s secondary stage showed 
lymphohistiocytic and 19 neutrophilic reactions. Among the 
patients with tuberculous cavities we found 38 with neutrophilic 
and 20 with lymphohistiocytic reaction. IVhen the disease took 
a favourable course the reaction of the cantharides blister was 
often characterised by an increase of lymphohistiocytes, but these 
changes were not sufficiently frequent. We must therefore disagree 
with Kauffmann and conclude that the cantharides blister reac- 
tion fails to give guidance for diagnosis and prognosis in tuber- 
culous patients, even when used in serial examinations. 

The time-consuming technique of the moridiological exa- 
minations precludes the popularization of the method of the 
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mixed ivith UDclmractcristic giant colls in largo quantities TTe™ „ a 
granulomnta focal , caseous necroses with remnants of disintegrated crfl n!’!? 
picture reminds one not so little of tuberculosis. In the liver am 

m x?i”' tf-T' ir«“’ T'*' f “>!>. to 

(tl. A. VI, fig. 1). In tho spleen thoro occur quite small granulomatous fori 
appearance as in the liver. Here and there small leucocyte foci- commencl t 
forrnation? No blood pigment. In the sections from the lungs, liver, and 8*67 
fairhj large quantity of acid-fast rods is met with. “ 


R 528. Weight 2.180 gr. After 4 months there occurred cataract in the left eve 
and after a further 3 ireoks moderate obliquity in tho carriage of the head. The rabbit 
was killed C months after tho first inoculation. 

Autopsy: Weight 2,110 gr., lean. No macroscopic changes of internal organs Ko 
nueroscopic examination. 


R 529. Weight 2,616 gr. Died 9 weeks after tho last inoculation. 
Autopsy: Tho liver displays typical coceidiosis. No microscopic examination. 


R 530. Weight 2,605 gr. Died slightly more than 3 months after the last inooulafion. 
Autopsy: Acute rhinitis. IVoight 1,386 gr. No macroscopio changes of internal 
organs. No microscopic examination. 


R 558. G weeks after the lost inoculation there was manifested a weakness in the 
liind-legs. After n further 4 months there was noticed hyalitis in the left eye, and 
approximately 3 wcolcs later also in tho right one, Tho rabbit was then, fully C months 
after tho last inoculation, paralj'sed in tho back part of the body. At the same time 
it contracted rhinitis and died after 4 days. 

Autopsy: Brittleness of skeleton; the left foro-leg broke on tho animal being stret- 
ched on tho board for sectioning. On pressure being e.verted on the lungs plenty c/ 
purulent matter exuded. Smears from tho lungs contain small, gram-negative, bipolar 
rods, which on cultivation grow like pastourella bacteria. The abdominal organs with- 
out macroscopic changes. 

Microscopic examination: In tho lungs purulent bronchitis without necrosis oithe 
secretion. Pulmonary oedema and slight pneumonic infiltrations. Liver without change, 
Tho spleen displays pronounced haemosiderosis. In a section of kidney ate seen some 
quite thin, cieatroso striae in tho cortex, and solitary infiltrations. In the left eye 
there is present an old retinal loosening, in places with proliferation of glious elemmh 
and chronic chorioiditis, with solitary, subrailiary foci resembling tubercles or changi^ 
in sympathetic ophthalmia. Furthermore, there is seen an abscess in corpus vitreno 
with necrosis and masses of fungus cells. Tho central nervous system: In some so itaiy 
places in tho cortex submiliary granulomatous foci without necrosis. 

R 559. 2 weeks after the last inoculation commencing paresis in the 
and a week later the rabbit sat with its hind-legs bent at the hip-joints but ot erwi. 
quite straight (PI. XIII, fig. 1). Died 3 % months after the lost 

Autopsy: Position of hind-legs os stated above. Cachectic. Brittleness o s 
No macroscopic changes of internal organs. . 

Alicroscopic examination (only the brain examined): In the jjj 

the cornua ammonis slight round cell infiltrations. All sorts of degenero ive c 
the nerve cells; postmortal changes? 

R 560. 2 weeks after the last inoculation there occurred “,5 

hind-legs and 7 weeks lator hyalitis in the left eye. After 
obliquity in the position in which tho head was held, and 6 mon ® 

oculation liyalitis in the right eye. After another ® U 

tho left eye. The rabbit bod then difficulty in keeping its balance. 

months after the last inoculation. -sponic changf* 

Autopsy: On the kidneys are seen minor scars. Otherwise no macro 

of internal organs. 
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Microscopic examination: Lungs without clmngos. In some low spots m tlio liver 
aro scon miliary and submiliary granulomatous foci, composed of epithelioid colls 
and minor forms of giant cells, and also surrounded by round and plasma colls. A 
certain similarity with tubercles is manifest, though there is no necrosis. The spleen 
displays severe, coarso-grain haemosidcrosis, partly with giant cell formation. In a 
section of the kidney are noticed sparsely rather narrow and wider radially located 
cicatroso striae through the cortex, with trifling round coll infiltrations. In one place 
an interstitial round cell infiltration of miliary size. Both eyes display in tho main 
analogous pictures; Closo to tho lens, which is partly infected at tho odgo, is scon a 
small liyalitic ahaccss. TJio central nervous system: In tho cortex cerebri, subcortical 
marrow, and central gangliao small localised granulomata with surrounding glious 
proliferation. In one conui ammonis a major granuloma, which fully agrees with tho 
one described for R Cfl.1. 


R 561. 3 days after tho last injection there occurred a severe disturbance of balnnco. 
Tho rabbit was then dying, and was thcreforo killed. 

Autopsy: Tho lungs show several white nodules, which in smears prove to contain 
fungus cells. On o.xcrting pressure on tho lungs there exudes a purulent secretion. On 
tho liver aro noticed some white, not raised foci, which in smears show fungus cells. 
Tho organs otherwiso without visible changes. 

Microscopic examination: Tho lungs manifest numerous bronchogeno abscesses and 
small purulent bronchopneumoniae. No very great tendency to caseous necrosis 
within tho exudation, a suggestion of same within certain broncho-lumina. llodorato 
degree of haemosidcrosis within tho pulp of tho .spleen. In tho liver are seen diffuse 
necroses. Tho kidno 5 ’S manifest a form of chronic nephritis: Innumerable striae with 
plenty of colls within tho cortex, where tho glomerali are atrophic. Tho straight channels 
are filled with desquamated epithelium. Tho central nervous system: In tho front part 
of tho cerebrum, far less than in tho cerebellum, cortical foci in tho form of abscesses 
with a slight tendency to necrosis. In tho environs sovoro astroglia reaction and peri- 
vascular round coll infiltrations. In tho cornua ammonis and ]:cdunculus cerebri also 
in several places similar but smaller foci of decreasing intensity. In some of tho foci 
are found fungus colls in minor units. In tho cortex of tho cerebellum, too, aro 
seen a number of submiliary abscesses. 


R 562 and 563, died 8 days after tho last inoculation. 

Autopsy: Tho kidneys aro pervaded by abscc.sses tho size of a pin’s head. Otherwise 
no organic changes visible. In smears from tho kidneys plenty of fungus cells. No 
sections of tho organs examined. 


R 564. 0 days after tho last inoculation there hecamo manifest a serious disturbance 
of balnnco, and one month later paresis in tho hind-legs, which after a further 3 weeks 
were paralytic. Slightly more than 2 months after tho second inoculation tho animal 
was killed. 

Autopsy: Emaciated, In stretching tho animal on tho board for sectioning tho 
right femur is fractured. In tho lungs and ludnoys there aro noticed small, white 
nodules, which in smears prove to contain solitary fungus colls. Otherwiso tho organs 
aro without macroscopic changes. 

Microscopic examination: In tho lungs aro soon major and minor granulomatoirs 
foci, whoso centres consist of largo, pole, plasmatic colls (epithelioid cells), and perifernlly 
round coll infiltrations. Nowhere caseous necrosis. Severe hypornomia and atelectasis. 
Tho spleen shows pronounced pulp haemosidcrosis. In tho livor parenchyma, outside 
tho portal vessels, aro soon diffuse, small cell infiltrations and granulomatous foci, 
some of which latter contain polynuclear giant colls. In tho kidneys aro scon diffuse, 
scarified striao through tho cortex in connection with round coll infiltrations, ns well 
as hero and there fresher granulomatous striae. Tho central nervous system: In tho 
cortex cerebri and m tho hemispherical marrow focal glious infiltrations. In tho po- 
dunoulus cerebri are soon foci that rather resemble perivascular granulomata, though 
quite small. Slight pial round coll infiltrations, especially near tho cerebellum. In 
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the basis of pedunculus cerebri none, or trifling, changes. In one of « ■ . 
seorions are seen in the pyramidal frontal tract slight perivascular round ccSC. 


R 565. 


Pully one month after the last inoculation there occurred the 
ment of loss of strength in the hind-legs, and 2 months later the rabbit sat with ^ 
legs stiffly extended. After another 10 days that part of the back of the bodv^H 
IS most subject to pressure, presented a purulent, bloody mass, iritli the left tesficlo 
hanging do’wn in its funicle, and therefore the animal was Idlled. 

Autopsy : Right testicle missing, left one as stated above. Ulcerous surfaces in cluteal 
and perineal regions. No macroscopic changes of internal organs. 

Microscopic examination: In the lungs ore seen here and there slight parenchymatou- 
blood effusions. The spleen is ostensibly anaemic, with only trifling pigment in thf 
blood in the reticular colls of the pulp. The liver and kidneys show no changes. Thi 
central nervous system has not been examined. 


R 566. 5 weeks after the last inoculation there was noticed in the hind-legs n losi 
of strength, which after a few weeks diminished. Approximately at the same timi 
there commenced cataract bilaterally with gradually occurring vascular injection ii 
the sclerne. After 2 months there was present endophthalmia chronica oculi bilateralis 
The rabbit was Idlled 11 ’■/, months after the last inoculation. 

Autopsy: No macroscopic changes of internal organs. 

Microscopic examination: In the lungs there is visible only trifling atelectasis. Un 
liver displays some solitary miliary foci composed of epithelioid cells and round cells 
without giant cells or necrotic formations. The spleen manifests severe, coarse-giate 
haemosiderosis, partly with giant cell formation. In the kidneys fine cicatroso stria 
through the cortex and a couple of major foci of connective tissue, with slight rouni 
cell infiltrations. Both eyes manifest mainly analogous conditions: Endophthshni 
chronica with encapsuled hyalitic abscess and glious retinal proliferations. Plenty c 
lipoid cell accumulations around the abscess, which is seen to contain digestei 
fragments of the lens, which is partly dissolved. The central nervous system: In th 
meninges, especially around the hippocampus and to a minor degree around th 
convexity of the brain, round cell infiltrations. 


R 567. 5 weelcs after the last inoculation there occurred progressive paresis in tli 

hind-legs and the rabbit died after a fortnight. 

Autopsy: Emaciated. No' macroscopic changes of internal organs. 

Microscopic examination: In a section from one of the lungs are seen minor ate c 
tatic portions below the surface, but otherwise nothing remarkable. The liver is wi 
out pathological changes. In the kidney are seen generally small cicatrose striae throes 
the cortex, some of them with round cell infiltrations. In one place a S’"®™ I” 
focus, which is probably lying in the place for a destroyed glomerulus. e c n ' 
nervous system has not been examined. 


R 568, Slightly more than 1 month after the last inoculation 
rate paresis in the hind-legs, which progressed during the next month, but i 
appeared altogetlier. 4 montlis after the last injection there was ’I onme ev 
dexter, and 7 Va months later, when the animal was killed, cataract in 1 1 

Autopsy: No macroscopic changes of internal organs. ^ 

Microscopic examination: The lungs present no changes. ™.oniilniiia1 

the border next to the portal connective tissue here and there , jnfusit 

of the same appearance as in B 566. The spleen displays a goo 
in the sinus and fairly strong haemosiderosis. In some retiou ar ce s -gjatio: 
and different-sized pellets which are greyish in haemotoxy m-s stainii 

and red in Hallberg-stained. preparations, these often displa^ng s ^ ^ ^ 
of the perifery. Their nature cannot be closely determined. In t e 'i n y j] 

narrow, radially -located striae of connective tissue, partly teac mg o ^ ^ 

marrow, with trifling round cell infiltrations in a couple of places. 
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present any changes. The other shows chronic iridocyclitis with old retinal loosening. 
In a Hallberg-stained section are encountered in a subretinal abscess two siuall groups 
o£ somewhat clumsy, acid-fast rods (in appearance pgreoing witli those in PI. VII, 
fig. 3). The central nervous system: In the cortex cerebri, subcortical marrow, and, 
rimghly outlined, in the cornua ammonis solitary granulomata analogous rvith those 
described for R G93. 

R 569. 4 weelcs after the last inoculation there appeared disturbance of balance 

and a week later moderate, but afterwards increasing, paresis in the hind-legs. Died 
2 V- months after the last inoculation, 

Atilopsi/: Sjnaciatcd. No macroscopic changes of internal organs. 

Microscopic examination (only the spinal cord examined): Ho certain changes visible. 

R 570. 2 weeks after the last inoculation there occurred moderate paresis in the 
hind-legs. 14 days later hyalitis oculi bilateralis was noticed. After another month 
there was present cataract in the right eye and after another 2 weeks also in the left 
one. The rabbit was killed 11 '/j months after the last inoculation. 

Autopsy: Emaciated. Apart from minor scars in the kidneys no macroscopic changes 
of internal organs. 

Microscopic examitxation : In the lungs diffuse minor foci of large cells, partly epi- 
thelioid cell composition, reminiscent of small granulomata. No giant cells. No necro- 
sis. The liver displays several diffuse, submiliary granulomata of epithelioid and round 
colls, as well as partly with giant cell formation. No necrosis. A certain resemblance 
to tubercles. In the spleen is distinguishable moderate haemosiderosis with giant cells. 
Sections from the kidneys show in the cortex a wedge-shaped, fibrotic focus with re- 
tained glomeruli. Trifling roimd cell infiltration. In one eye is present old retinal 
loosening of the edge of the lens, with lime incrustations. The other eye shows mainly 
the same picture, though with slight suppuration. Tlio central nervous system: In 
the cortex cerebri, subcortical marrow, and cornua ammonis solitary, submiliary, prob- 
ably perivascular, granulomata. In the spinal cord signs of fresh pyramidal tract 
degeneration. 

R 571. Died 4 days after the second inoculation. 

Autopsy; In the loft pleural cavity 3 teaspoonful of exudation mixed with blood, 
but without micro-organisms in smears. The lungs without visible changes. On the 
left lobe of the liver some whitish, non-raised foci containing some fungus cells. Other- 
wise no macroscopic changes of internal organs. No microscopic examination. 

R 572, 6 weeks after the last inoculation commencing, progressive paresis in the 

hind-legs. 14 days later hyalitis oculi bilateralis, and after a further 3 weeks cataract 
in the right eye. Died 4 months after the last inoculation. 

Autopsy: Cachectic. No macroscopic changes of internal organs, apart from very 
minute scars on the kidneys. 

Microscopic examination; In the lungs diffuse haemorrliages, otherwise nothing 
pathological. The spleen displays trifling blood pigment in the reticular cells of the 
pulp. Liver and Iddneys without appreciable changes. Eye (only one eye examined): 
In the rear lateral part of the bulb a subretinally located abscess encased by the fibroselv 
altered, hardly recognisable, retina, whose neuroglia is in irregular proliferation. Inside 
the abscess is seen a fungus colony the size of a millet seed, mainly composed of round 
and ovoid cells. In the capsule of the abscess is also found a minor abscess in which 
sparse fungus cells are visible. The central nervous system: Perivascular, slight, diffuse 
infiltrations in the cornua ammonis and also in the meninges. Trifling round cell in- 
filtrations in the meninges around the cerebellum. Otherwise nothing certain patho- 
logical. 

R 585. Hardly 2 months after the last inoculation there occurred a slight distur- 
bance of balance and some obliquity in the carriage of the head. The animal was killed 
7^/2 months after the last inoculation. 
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Othcru'jso no mflcros 


>copic chan:-; 


Autopsy: The spleen smaller than normal, 
of internal organs. 

Microscopic examination: Solitary submiliary epithelioid cell prnnulomafn 
necrosis m the lungs. Furthermore, purulent bronchitis ivith aspLted fore'en l!ll-“' 
Heart and liver without changes. In the cortex of the kidney’ are wsible 
roimd cell infiltrations, and in the marrow a fibrose stria. The spleen displnvs 
pulp haemosiderosis. The central nervous system: In the cortex cerebri Ld on- 
of the central gangliae slight granulomata. The picture is analogous to Ibe 
scribed for R 693. In the basis of the pedunculi cerebri and in the pons nrnn 
perivascular glial cell proliferations. . - P - n»ll. 


R 586. i weeks after the last inoculation moderate paresis in the nbdominnl imscl« 
and hind-legs, and after a further 2 months hyalitis in the left eye, and a few days 
later also in the right one. 3 months later phtisis bulbl sin. Died 7 «/. month? ait« 
the last inoculation. 

Autopsy: Pronounced cachexy. General organic atrophy, especially the spleen re. 
markably small. In both kidneys plenty of scars. Otherwise no macroscopic ehanps 
of internal organs. 

Microscopic examination: In the lungs severe hyporaemia and minor haemorrhaje?. 
The liver is without any changes. In the spleen exist parenchymatous collapse anil cm- 
siderable anaemia, as well as a trifling quantity of blood pigment in some reticular 
cells. In sections from the Iddney the cortex is seen to be pervaded by a large number 
of fine cicatrose striae, with a small quantity of ro\md cells, furthermore a large, strongly 
marked fibrous portion with retained glomeruli and plenty of interstitial round cell 
infiltrations. The area is delimited from the marrow by a broad, Imomorrliagic, 
hyperaemic zone. In a papillary apex is seen a small focus of round cells and 
leucocytes. Testes without any changes. Left eye: Bndophthalmia chronica with 
an old abscess, which contains numerous fungus colonies. The right eye present? 
in principle the same picture, though with somewhat fewer masses of fungus element.?. 
The lens is at the edge seen to be in a state of dissolution, and in the chorioiden 
layer is seen a large necrotic granuloma. The central nervous system: One-sided, severe 
hydrocephalus intemus. In solitary places in the cortex cerebri minor glial infiltra- 
tions, and in the subcortical marrow in several places perivascular infiltrations. In 
two places close to each other there are existing old mnlacic foci, one of which contnins 
a small granuloma surrounded by proliferating glial cells. TI 10 granuloma cells contdn 
in the centre masses of bluish-green grains (with Nissl-stain), and several necrotic in- 
terstratifications, partly of a granular-ropy structure. The second focus contains itJ 
granuloma, only some necrotic interstratifications. Very minute glious prolifcrntinn? 
in the pons arms. The spinal cord without visible changes in the sections taken. 

R 587. IS days after the first inoculation obliquity of the head set in, and nft« 
a further 3 weeks increasing paralysis of the liind-legs, and then of the whole bac . pa6 
of the body. Died 2 Vs months after the last inoculation. ti I-fi 

Autopsy: Pronounced cachexy. The back part of the body is atrop nc. m 
kidney shows several scars. On the back of the liver are seen some re i is 1 w 
minor foci. The internal organs otherwise without macroscopic changes. 

Microscopic examination: The liver presents some major and minor necros 
plenty of disintegration of nuclei. The foci are located close be on t j. 
appear to be perfectly fresh, without any surrounding granuloma zone ' (,r,. 

In several gall ducts are seen necrotic exudations, and in one o t le arge 
found plenty of fungus cells, which in Hallberg-stained sectioM are p ^ j-pinf-;-? 
fast, partly non-acid-fast, and partly not stained at all (PI. X, ig- ^ jj, cflji. 

the cortex seems to be permeated by numerous cicatrose striae, rat ® ‘ ^ cerebri 

The central nervous system: In the cerebrum, cerebellum, one pc un 
nothing certain pathological is noticed. 

R 588. Died hardly 8 months after the last inoculation. ^ purulent 

Autopsy: Cachexy. On exerting pressure on the lungs there exu c=a 
secretion. In the liver are seen several white foci, one of them being ic si 
a pen. In the kidneys minor scars. 
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Microscopic examination: In the heart is visible, in foci, light myocardial fibrosis. 
The lungs display several coccid'iosis foci without necrosis. In the liver there are several 
coccidiosis foci with calcifications. Furthermore, fibrose foci with haemosiderosis. 
In the spleen there exists strong pulp haemosiderosis, partly with giant cell formations. 
In the cortex of the kidney and down in the marrow fairly plentiful, fine radially located 
striae deficient in cells, and also minor fibrose foci. The central nervous system: In 
some odd places trifling perivascular round coll infiltrations, and in the cortex in one 
place a small focus composed of very minute granulomata and glial cell proliferations. 

R 589. Died 7 clays after the inoculation. 

Autopsj/: The kidneys permeated by white abscesses the size of a pin’s head, and in 
the liver a few such. In smears from tho kidney abscesses fairly plenty of fungus cells, 
ns well as some solitary, short, acid-fast rods. Otherwise no macroscopic changes of 
internal organs. 

Microscopic examination: Tho heart displays in soino odd spots in the myocardium 
microscopic granulomatous. foci, with diffuse epithelioid colls, without necrosis. In 
tho surroundings necrotic, calcinated muscle filaments. In tho lungs are seen some fow 
bronchopneumonic foci of a purulent nature, as well ns bronchites and atelectases. 
Tho liver manifests strong hyporaemia but otherwise nothing pathological. In the 
kidneys are seen in both marrow and cortex numerous submiliary abscesses surrounded 
by more or less distinct granuloma zones. In these granulomata in several places rudi- 
mentary, polynuclear formations, possibly representing epithelioid proliferation from 
duct remnants. No necrosis. 

R 590. 6 weolcs after tho last inoculation increasing paresis of the back part of 

tho body'. Died hardly 3 months after tho last inoculation. 

Autopsy: Pronounced cachexy. Especially tho spleen atrophic. Scars in tho kidneys 
Otherudse no macroscopic changes of internal organs. 

Microscopic examination: Tho. lungs do not present anything romarknblo. In tho 
liver, just near tho border to a portal cord, a submiliary necrotic focus with numerous 
round cells, possibly belonging to tho periportal tissue. Tho spleen displays collapse 
of the parenchyma and in several places blood pigment in tho reticular colls, as well 
as plasma cells in the pulp. In a section from tho intestine notliing pathological is no- 
ticed. Tho supraronals show in the cortex in one place a slight, fresh necrotic stria. 
In tho kidney diffuse, radiarj', narrow striae through the cortex, hero and there with 
sparse round cell infiltrations, Tho central nervous system: Light round cell infiltra- 
tions in the mucous membrane around tho hippocampus, and in tho region of tho fissurn 
sagittalis a preponderating round coll meningitic focus without necrosis. In the foot 
of pedunculus cerebri a small glious focus, 

R 591. 1 month after tho last inoculation tho rabbit is seen to drag his bent 

hind-legs. Died 1 week later. 

Autopsy: When stretching tho animal on tho board tho left femur, fractured just 
above the knee. Bilateral hydrothorax, in the belly a fairly large amount of a clear 
exudation, oedema on the back. Tho heart considerably dilated with coagulated blood 
in all chambers. In tho right chamber are seen on the apices of the papillary muscles 
and a couple of the cordao tondineae white, verrucoso excroscencos the size of millet 
seeds and smaller, furthermore an apparently freolying white, small nodular forma- 
tion the size of a pea. Tho trachea considerably vascularly injected, and a moderately 
mucous coating. In tho left lung’s lower part a whitish focus nearly the size of a pea, 
and diffused over tho lungs minor such. On the surface of tho lung minor haemorrhages. 
The liver shows an uneven, slightly nodular surface with diffuse, small, whitish foci, 
which in smears contain a moderate quantifies of fungus colls. On cultivation in gly- 
cerm houiUon growth of fungus and after 7 days acid-fast rods. The other internal organs 
■without macroscopic changes. 

Microscopic examination: Sections from the heart substance show solitary sub- 
endocardial layers. The excrescences on the papillary muscle apices tho size of a millet 
seed, are composed microscopically of large, cohesive layers of fungus cells, with beau- 
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tifully radial configuration of the long cells, especially in the peripheries 4 i • * , 
concentric stratification. Between the fungus cells are lying masses of 
embedded p^. The surface of the masses of fungus are in free contact" whh'tl' 
blood. On the surface of a papillary muscle there is a miliary formation of ah= - 
surroimded by a thick, close capsule of connective tissue, which in its interior stmT ' 
contains some round cells and solitary uncliaraoteristio giant cells. In fho centre""! 
the abscess a small fungus colony with the same appearance as above and ml 
numerous round and ovoid fungus cells. The free formation of the she of a pea i 
composed of radial fungus masses and detritus mixed with disintegrating pus (pj. ly 
fig. 1). In one place of the formation is seen a cross section of a corda tendinea, in 
whose necrotic periphery and surroundings are lying large masses of fungi. 

Sections from the lung show in one place an older abscess the size of a pea, with 
necrosis in the centre. In the surroundings slight signs of subchronio pnewmonia. 
The spleen shows very serious hyperaemia with maximally blood-filled sinus. Slighllv 
pronounced haemosiderosis. In several places slight infiltrations of plasma cclli. 
In the liver numerous, irregularly confined necroses without special location, and with- 
out manifest cell reaction in the surroundings. Within the necroses the star cells are 
surviving to a large extent. In some portal vessels fresh thromboses. Furthermore, 
plenty of blood pigment in the star cells. In the kidneys radiated and irregular comidc- 
tive tissue sears, chiefly in the cortex. Moderate round call infiltrations in some o( 
them. The central nervous system; In some few places in the cortex purulently Ml. 
trated, round, submiliary necroses in whose surroundings are seen manifestly pciivai- 
cular round cell infiltrations. The cerebellum and pedunculus cerebri show notliinc 
certain. In the lumbar part of the spinal cord a glious focus permeated by round 
cells. In the surroundings hypertrophic astroglia. 


R 592. 3 weeks after the last inoculation there became manifest a (eeblcncn 

in the hind-legs, which 2 months later diminished. Died 4 months after the last inocula- 
tion. 

Autopsy: On the back a scratch that is healing. The liver shows several whitish 
foci, which proves to contain pneumococci of type 19 in pure culture. Other organs 
without visible changes. 

Microscopic examination (only the central nervous system examined): In the sub- 
cortical marrow some perivascular round cell infiltrations. Indicated granulomateu: 
formation in the cortex in a couple of places. 


R 593. Died 4 days after the last inoculation. 

Autopsy: Sero-fibrinous pleuritis bilaterally. The lungs pervaded by white 
the size of a pin’s head, as well as larger foci resembling infarcts. The spleen wi ion 
visible changes. In the liver and Iddneys plenty of small, white nodules. In siuMr. 
from the lungs and the kidneys sparse fungus cells, but on cultivation gro lO".' 

of gram-negative rods. , -i- . harnsw-- 

Microscopic examination: The lungs pervaded by miliary and subimtiarj a - - 
which mostly appear to be fresh. In the surroundings of some of t a “ , y 

characteristic giant cells. In major and minor arteries of the lung puru en ' 
masses. The picture agrees with septic emboli in the lung. The sp een sio 
post mortal autolysis, which does not enable a closer judgement. le | necro=«. 
to a high degree in the form of major and minor, partly confluent, res 
which are mostly localised to centres of the acini. Furthermore, t lere ‘‘PP 
quite small, fresh abscesses. In several places thromboses m 

The kidney displays in the cortex broader and thinner cicatmse striae P In 
cell infiltrations. Furthermore, small fresh abscesses without any fibros’ 

several places dilated tubuli, with disintegrating, purulent conten . o 
foci in the marrow. 

R 594. Died 7 days after the last inoculation. ^ criist^'-' 

Autopsy: Bitten in the scrotum so that the left testicle is hanging . g^rroun• 
mass. The lungs show several portions that are lighter and firmer lan 
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itinRs. Tho Bplppn is of nnrmnl Bir.c. Sliplitly increnscd <lcrniPntioii in the liver. Smeiirs 
from tlio liver contnin spnrsp funpuR cells. A couple of hiiemorrlinpes with con- 
gnlnlion the sir.o of n l-Rhillinp eoin, in the omenlmn. 

Microscopic craminntion: In the lunps nre noticed here mid there perivuRcnlnr mul 
peribronehiid round cell infiltmtioiiR. Furthermore, oedema mul hypornemia. The 
liver diaplays diffuse, fresh necroses, as a rule in the centre of the acini. Slight infil- 
tration here. The picture apreea with the one in K fiPS, thouph it is not so pronounced. 
In the pulp of the spleen and around the follicles acute, splcnitic chanpes. Xo large 
content of blood-pipment. Xumerous, fine eicatroso striae, with moderate round coll 
infiltrations, pervade the Uidiieys, and also senra with broad weiipe-shape in the cortex. 

R 595. Hardly 2 months after the fifth inoculation there wn.s noticed cataract 
in the right eye, and after a further 7 weeks hyalitis ocnli sinister. 2 weelcs later there 
appeared obliciuity in the carriage of the head. 9 he rahhit was killeil , t/j months after 
the last inoculation. 

Aulopsij; Small, whitish, rather firm foci in the right lung. 

Microscopic exnittinniion: In the lung an> noticeahle diffuse hronchites, perihroii. 
chites, together with hronchopneniuonic foci without distinct granulomatous character. 
The spleen shows trifling haeinosiderosis in solitary, swollen, reticular cells, I.iver 
and kidneys without patliolopical chanpes. Uight eye: Itetinal loosening with lipoid 
deposits in the retinal mass. In one s]iot in the retinal loosening a largish ahseess, in 
whoso eentro is lying a largo funpis colony of elongated, round, and oval cells. The 
lens shows within the capsule granular diRintegration of the periphery with calcination, 
heft eye: On the whole the same changes ns stated nhove. The fungus colony, however, 
shows prepondcratingly round and oval cells in the eentro and elongated ones in the 
periphery. In the edge of the fungus colony a peculiar, claviforin congestion of the 
elongated cells. The colony is surrounded hy a hyaline horiier. The central nervous 
system; In some odd spots in the cortex cerehri and in the vicinity of the third ven- 
tricle, glial proliferations. 

RS96. 3 months after the last inoculation there was palpated an ahsccM the si/e 
of an almond on the hack, in front of a healed scratch. Hyalitis ocnli dexter and cata- 
racta ocnli sinister. 2 months later some weakening of the hind-legs was noticed. 
Died 7 montliR after the last inoculation. 

AiUopsg; Suhctitaneously on the hack is located an abscess, Bhar)dey delineated, 
the sire of an almond, which contains only few bacteria of subtilis type. Pronounceit 
caclicxij. X*o macroscopic changes of internal organs. 

Microscopic exavtination; Heart, liver and lungs without pathological changes. The 
spleen shows trifling pulp hnemosideroRis, In the kidneys nre seen in the marrow-cortex 
border a diffuse interstitial fibrosis without foci or cell reaction. Hight eye: Partial 
retinal loosening. In one retino.glious proliferation focus with liiioid dejiosits and 
cholcsterin cry.stals arc seen several small abscesses, partly with necrotic disintegra- 
tion and hero and there also dark, coarse-grained inassps (calcinations?). Xo certain 
micro-organisms. Deft eye; Peripheral disintegration and calcination of tlie lens within 
the capsule. I.argc lipoid granuloma with a central, older abscess between Iho partially 
loosened gliously proliferated retina and the chorioidea. In the abscess a large fungus 
colony, consisting chiefly of elongated cells with claviform swellings in the periphery. 
The centra! nen-ous system; Partial dc.struction of tho jiyramidal cell band, with 
glion.s proliferation hero, Xo delimited foci. Here and there perivascular round cidl 
infiltrations in tho subcortical marrow. Freely lying in the fourth ventricle is .seen 
a lump of exudation tho sire of hardly a pin’s head, the lumen of it being oc- 
cupied by a fungus colony with a prolific mixture of round, oval, ami elongated 
cells. Indistinct subependymal glial proliferation of tho surroiindings. 

R 597. At tho third inoculation some obliquity in tho carriage of tho head was 
noticed. Tlio last inoculation was given a week late’r. After another .7 weeks hvalitis 
ocuh bilatornlis, and 2 months later cataracta bilatcralis, together with some weakness 
in tho hind-legs. Killed nearly 0 months after tho last inoculation. 
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Autopsy: No macroscopic changes of internal organs. 

Microscopic examination: No appreciable changes in the lungs, liver end 
The kidneys show some solitary submiliary ronnd cell infiltratioL in cortof i 
striae of connective tissue lightly infiltrated with round cells. Evo (onl, 

exainmed): Peripheral disintegration with calcination of the lens ivitliiu tlL^T 

In the circumference of the rear bulb is noticed a mighty rctino-elious ^ 

and in the destroyed retina a largish lipoid granuloma with a large abscess in wllm* 
centre is located a minor fungus colony with preponderatingly long cells. The cent ^ 
nervous system: In a couple of places in the cortex cerebri are found small, fibroseU- 
cicatrose, striate foci with stratified amorphous or coarse-grained masses itIucI, 
resemble those described for E 686. ’ 


R 598. 1 week after the second inoculation there occurred disturbance of balanre 
and gradually progressive paresis, so that the rabbit, 7 weeks after the last inoculation, 
was paralytic in the hind part of the body, and showed reduced strength in tho fore- 
legs and Isarrel. Died 1 week later. 

Autopsy: Pronounced cachexy. Liver somewhat larger than usual, with a fow white, 
non -raised nodules the size of up to a grain of rice. In the Iddneys several white 
nodules the size of the point of a needle. Other internal organs without macroscopic 
changes. 

Microscopic examination: Lungs without pathologic changes. Tho spleen shows 
anaemic parenchyma. Pronounced haemosiderosis in the pulp. In tho liver are in 
some places seen groups of large and small, fresh necroses without distinct reaction 
in the neighbourhood. The centre of the necroses is often drenched with pus. In stnenrs 
from these are seen plenty of fungus cells, some acid-fast ones with Hallberg-staining. 
but the majority unstained, the latter being the case also with Gram-staining. 
The kidneys display slight, thin, cicatrose striae through the cortex. Immediately 
below the capsule a small granulomatous focus rich in cells around an inflamnforily 
changed glomerulus. The central nervous system: In the peduncular gangliae 
hyperaemia and perivascular rotmd cell infiltrations, and in some few spots small, 
glious foci. In one oomu ammonis are noticed the same changes, as well as an 
abscess the size of a poppy-seed, in whose centre are lying vast quantities of unstained 
fungus cells. The spinal cord without visible changes. In the meninges of tho cere- 
bellum and the medulla oblongata round cell infiltrations in a few ploces. 


R 599. 7 days after the second inoculation the animal had grown lean and held 
its head somewhat aslant, for which reason it was not inoculated then. Tho last inocula- 
tion was made 7 days later. After a further 7 days disturbance of balance. Died after 
another 11 days. 

Autopsy: Pronounced cachexy. A large accumulation of pus is seen to come rom 
the upper part of the mediastinum and then follow the large vessels to tho upper * 
apperture, where the masses of pus extend over the left half of the thorax an ta 
descend subcutaneously on the back. Skin intact. No macroscopic chongca ot icrwi- 
of internal organs. The large, totally necrotic, subcutaneous abscess in sinears 
to contain non-acid-fast, actinomyces-like elements and grarn-negativo, s en er t 

Microscopic examination: The spleen displays haemosiderosis. The liver is w i 
visible changes. In the kidneys cicatrose striae in the cortex, whic i are air y 
in round cells, and some odd fibrose foci in the marrow. The 
In the pedunculus cerebri on the one side and in the pons a ocus. 

hyperaemia in the central gangliae. The spinal cord without visible c iange=. 

R 600. 7 days after the first and only inoculation the rabWt was 

affected, lean, and after a further 7 days increased disturbances of a 
able. 6 weeks after the inoculation weakness became manifest m o 
that the animal after a few more days was unable to support tho ac 'par o 
5 weeks later the disturbance of balance still remained, but tho paresis 
disappeared. 4 months after the inoculation hyalitis oculi bilatera is la 
after a further month cataracta bilateralis. After that time the ra i 
crease in weight. It was killed 10 */« months after the inoculation. 
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irn'croscopie clinnSM ot inlornnl orpiuis. 

jWicrosco;)ic cxamiiialion: In Hio lioiirt thi'ro prc'X'iit n focal, Blifjlitly inyocnrdic 
fibrosis. The bmgs nro without clionpos. In llio Uvor nro seen soino Kubmiliary foci 
but without plant cells. No necrosis. Tbo uplccn iircsentw triflinp puli) bnoinosiilcrosis. 
In the kidney nro visible several sliplitly round cell infiltrated striae of connective tisstio 
in tbo cortex and marrow. The rlpbt eye presents jwripberic necrosis and rlisintepratiou 
of the lens. Hctinnl looseninp with proliferation of plions elements. In tbo rear of 
tbo b>db periphery is visible nn older lipoid praindoma rich in connective tissue, with 
abscess contnininp n couple of bromi fuupus cells, lletween the pus and the capsule 
is located n broader rone of epithelioid cell prainiloinn. Tlie left eye shows tbo same 
ebanpes in the lens and total retinal looseninp. The central nervovis system: Hero and 
there in comun nininonis nro seen minor plions striae and in some of the central pnnpliao 
partly perivosetdar round cell infiltrations, partly n miliary prnmdoma of the same 
appearance as the one described for It CDlt. Mubei>e)idymally m llit' fourth V)’T)triclo a 
small accumulation of quite small, perivascular prnindomnt a without necrosis. Further- 
more, in the basis of pednneulus cerebri diffuse perivasoilnr roimi! eel! infiltrations. 
Slight round cell infiltration in tbo mucous meinbrnues around the pons. 

R 652. 1 month after the last inoculation there ocetirred propressinp disturbnnci> 

of balance. 7 months later vnsetdar injection in the sclera of the right eyi-. Died more 
than ti months after the last inoculation. 

Autopsii: Ciiclifxi/. The spleen is smaller than norinal, but the in!<’rnal organs 
otherwise without macroscopic changes. 

-Iffcroscopie cxammtilioti : In the lungs severe hejM-raemia and haemorrhages, and 
also in ono place submilinrj- atelectatic foci with alveolar proliferation. The liver 
shows severe hjiierncmia and n couple of miliary, fresh tteeroses. In lhi> cortex of 
the kidney nro seen narrow, cientrose striae and in the marrow some siduniliary nhsees- 
es containing large fungus colonies with some odd uci<l.fasl (Hnllberg.stain), round 
and ovoid cells in the centre and elongated cells in the periphery (I’l. VII, figs. I and 2), 
Hound the abscesses a fibrose inflammatory cnpside (I’l. XI, fig. 1). Right eye: .Ivi«t 
behind the zonula cinnii are seen outside the core of th(> lens three subretinnl, miliary 
nboccsse.s close to each other, one of them neerotically disintegrated. In one of the 
abscesses is found n fungus colony, which consists chiefly of round and ovoid forms, 
and in another some solitary fungus cells ns well ns two small groups of fairly clumsy 
and short, add-fnrt rodf. Left eye: Retinal loosening with subretinnl oedema and some 
abscesses with large quantities of fungus cells, .lust behind tl)D corpus ciliure n quite 
small collection ot pus on the retina. The central nervous system: IVithin the different 
ports of the brain diffuse miliary and subinilinry mnlneies in whose surrounding is 
.seen a glial proliferation with peculiarly strong hypertrophic astrocytes. In several 
places pcrivo-sculnr round cell infiltrations and round cell nccumulntions in the meiiinge.s. 
Tile cerebellum displays trifling round cell infiltrations in the meninges. In the spinal 
cord is found .symmetrical degenerotion in the pyramidal lateral tracts. 

R 653. Ono month after the lost itroculation there appeared n)Oilcralo pare.sis 
in the barrel and hind-legs. Died 0 weeks later. 

Aulopnij: Slightly reduced flc-sh. Tbo spleen larger than normal and appearing like 
nn iiifcction-splcon. Smears from tbo spleen n.s well ns cultivation, though only on 
Hohn-medium, gave no result. Trifling strino on tho kidneys. 

Aticroscopic examination: In tho lungs nlveolnr oedornn and hypernomia. Tho 
parenohyma of tho spleen soom.s to bo post-mortnlly changed with severo di.ssolution 
of tho structure. Furthermore, sovero phlegmonoid infiltration and fibritiou.s precipita- 
tion. In some fow places submilinry abscesses and severo oedemn. Tho liver, too, 
was post-mortally changed. In some few plnccs submilinry, purulcntly pormnnted 
nccrotie foci. Tl)o kidneys display in tho cortex mimorou.s narrow, radiary cicatrose 
striao, which only in a fow spots contain round coll infiltrations. 'In tho right oyo tho 
periphery of tbo lens is in globular disintegration, and in the left oyo nro seen' slight 
round cell infiltrations in the cliorioiden. Tho control nervous system: In tho cortex 
cerobri boro and tlicro slight porivnsculnr round coll infiltrations and trifling glions 
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scars. The same infiltration in tlio cornua ammonis, central cnneliaR nns i, 
marrow. In the pyramidal cell band of one cornu ammonis is found I 
malacm focus permeated by proliferating glia. In the central gangliao. n a nhe S 
vcntrmle a subm.hary granulomatous focus with surrounding acoS Jol 1 


R 654. Died intcrcurrcntly 3 weolcs after the last inoculation. 

Autopsy: Perforation of the scrotum, so that the left testis is hanging free in it, 
fumolo. On the ludnoys small scars, while tho rest of the internal organs are rvithout 
any macroscopic changes. 

Microscopic examination: Lungs and liver without any pathological changes. In 
tho spleen tho pulp is seen hero and there to bo infiltrated with leucocytes. The kidneys 
present in tho cortex in a couple of places fibrose foci the size of up to a grain of wheat, 
with trifling round cell infiltration. 


R 655. Died intcrcurrcntly 3 weeks after tho Inst inoculation. 

Autopsy: Macroscopicnlly the same findings ns for R 064. No microscopic examina- 
tion. 


R 656. 5 months after tho last inoculation there became manifest obliquity in 

tho carriage of tho head and some wealcncss in tho musculature of tho neck. Killed 
2 Vj months later. 

Autopsy: Apart from a major fibrose focus in tho wall of tho right ventricle of the 
heart, no macroscopic changes of internal organs. 

Microscopic examination: In tho Iicart is noticed in some spots myocardial fibrosis. 
Tho lungs are without pathological changes. In tho livor aro seen n couple of miliary 
granulomata, while tho spleen shows hyporaemia in tho pulp and slight haemosidetosis. 
Jlilinry granulomata without giant colls and without necrosis aro seen near a pap-lla 
in one of tho kidneys. Tho central nervous system: Slight round cell infiltrationtm 
t he pin of tho brain, especially around tho hippocampus. In sorao odd places in the 
subcortical marrow perivascular round cell infiltrations. In tho basis of pedoncute 
cerebri and partly also in tho pia of tho cerebellum, signs of oedema. 

R 657. 1 month after tho 6th inoculation hynlitis oculi bilateralis, and after another 
2 months bilateral cataract. Killed about 7 '/« months after tho last inoculation. 

Autopsy: No macroscopic changes of internal organs. 

Microscopic examination : Heart, lungs, and kidneys witliout any pathological 
Tho liver presents some submiliary granulomata (like R 666). In the spleen t 
liaomosiderosis. In tho right oyo retinal loosening, os well ns disintegration, an pn 
nulnr calcination of tho edge of tlio lens. In tho left oyo is noticed, in the rear par o 
tho bulb, within tho loosened, gliously altered rotino, a lipoid granuloma an m i 
centre a slight encapsuled ab.sccss, which contains a largo fungus colony w i ly 
border (PI. XV). Tho central nervous system: In tho lower central ganglme, m 
spot, a submiliary' granulomatous focus surrounded by perivascular roun c 
trations. 

G-p 238. Inoculated subcutaneously in the right' groin with 1.5 cc 
old glycerin bouillon culture of strain I containing fungus elements and 
A week later an abscess fully tho size of a pea was polpated at the spo o ’ 
but this had vanished after about 2 weelis. 6 months after the inoou a ion 

was lulled. . lotion spot. 

Autopsy: No macroscopic changes of internal organs or at tie inocu 

No micro-scopic examination. 

G-p 319. Inoculated subcutaneously in tho right groin with 1 cc 
glycerin bouillon culture of strain I containing fungus elements an a 
Killed after 2 months. 
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Autopsy: No macroscopic cimnges of intomnl organs or at tho inoculation spot. 
No microscopic examination. 

G-p 320. Inoculated like G-p 319, but with I.fi co. After a week at tho inocula- 
tion spot an abscess twice tho size of a pen, whicli 3 weeks later had vanished. Killed 
4 months after tho inoculation. 

Axttopsy: No macroscopic changes of internal organs or at tho inoculation spot. 
No microscopic examination. 

G-p 321. Inoculated liko G-p 319, but with 2 cc. Killed after 9 months. 

Autopsy: No macroscopic changes of internal organs or at tho inoculation spot. 
No microscopic examination. 

G-p 239. Inoculated subcutaneously in tho right groin with I cc of a 38 dny.s 
old glycerin bouillon culture of strain III containing fungus elements and acid-fast 
rods. Tho animal died after 2 '/j months. 

Autopsy: No macroscopic changes of intomal organs or at tho inoculation spot. 
No microscopic examination. 

G-P 333. Inoculated intrapcritoncally with 1 co of a 13 days old glycerin 
bouillon culture containing fungus elements and sparse acid-fast rods. Tho culture 
transferred from Hohn-culturo which in its turn had been obtained from a kidney 
abscess of B 589. Killed after 3 months. 

Autopsy: No macroscopic changes of internal organs. No microscopic examination. 

G-p 334. Inoculated subcutaneously in tho right groin with 1.5 co of tho same 
culture ns G-p 333. Kilted after 8 months. 

Autopsy: No macroscopic changes of internal organs or at tho inoculation spot. 

Microscopic examination: Tho lungs manifest some atelectasis, and tho spleen fairly 
strong haeraosiderosis, with somo swelling of tho sinus walls. Tho kidneys without 
changes. 

R 687. Weight 1,740 gr. Inoculated with 1 cc of tho same culture as G-p 333. 
After 1 ‘/j month tho rabbit showed paralj'sis in tho hind-part of tho body. Died 
slightly less than 2 months after tho inoculation. 

Autopsy: Weight 1,050 gr. Strongly pronounced cachexy. No macroscopic changes 
of internal organs. 

Microscopic examination : Tho lungs display only somo focal haemorrhages and tho 
spleen a slight haomosiderosis. Tho liver shows nettling pathological. In tho kidneys 
aro seen in tho cortex solitary, small calcinations of tho tubular epithelium. Nothing 
pathological in tho eyes. Tho central nervous system; In ono podunoulus corobri a 
loosely built, submiliary focus and in tho marrow of tho cerebellum, on ono side, an 
older malacic, miliarj' focus with strong glial proliferation. Solitary, loose glial foci 
in tho pons. (Tho spinal cord not examined.) 

G-p 329. Inoculotcd subcutaneously in tho right groin with 1.6 cc of a 7 days 
okf glycerin bouillon culturo containing fungus clomcnts and acid-fast rods (PI. VI, 
fig. 1). Tho culture was made from liver of K 691. After 4 weeks there was observed 
in tho right groin a healed fistula. Killed 8 months after tho inoculation. 

Autopsy: No macroscopic changes of internal organs or at tho inoculation spot. 
No microscopic examination. 

G-p 330 and 331. Inoculated intraporitonenlly with respectively i.5 and 1 co 
of tho same culturo ns G-p 329. Killed after respectively 8 and 3 months. 

Axttopsy: No macroscopic changes of internal organs. No microscopic examination. 

R 683. Weight 2,660 gr. Inoculated with 1.5 cc of tho same culturo ns G-p 
329. After 4 days the rabbit was seriously affected and unable to keep on its hind- 
legs; died next day. 
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foci 


•. Tlie lungs display on the surface stelliform haerann.>,» • 
my changes. Tho kidneys are pervaded hv f 


Autopsy: Woiglit 2,125 gr 

Tl)o liver is witlioui, ony changes. Tiio kidneys are pervaded . - 

t m 6 .Z 0 of a pin’s head, whiel, in smears contain plenty S fun^.^ Sh iSr?® 
sliort, acid-fast rods. ^ 

Microscopic c:rami,wtion (only tho central nervous system e.xemmodl; Witw 
different parts of tho brain diffuse, miliary abscesses containing large ouantii- "i 
unpis cells (PI. hg. 5 and PI. XII, fig. 3). Moreover, plenty of perivloJS 
t rations and meningitic changes. Tho same picture in tho cerebcllnm and peduncub- 
ccrehn. In tlie spinal cord, too, aro seen diffuse abscesses ivith fungus cells. 


R 684. W eight 2,350 gr. Inoculated with 2 cc 9 days old glycerin bouillon cul 
turo made from the liver of R 591 (tho same culture os had been inoculated into 
R GS3, though 2 days older). Died after 7 days. 

Autopsy: Weight 1,590 gr. Emaciated. At tho base of the left lung an abscess 
formation. The spleen fairly small. The liver with no certain changes. No foci. In the 
kidneys are noticed crowds of generally miliary abscesses in the corte.v and marroir. 
In several of tho abscc.«scs arc manifested purulent tubuli.and in other scentral necroses, 
replete witli partly unstained fungus cells. Around the necroses radiary location o! 
leucocyte granules. Xo distinct granulomatous zone of epithelioid cells (ri. XI, fig. 2). 


R 685. Weight 2,CS0 gr. Inoculated avith tho same culture as R 684, tbongb 
twice, avith O.G cc and 0.75 cc of rcspcctia’cly 11 and 21 days old culture. 1 '/j month 
after tho second inoculation the rabbit had lost 850 gr in aveight. It then displayed 
hynlitis ocuU bilatcrnlis. Tho strength of tho hind-logs had deteriorated, but this 
pa.s.scd off. Gradually increased in aa-cight,- and was killed about 9 months after the 
!a.st inoculation. Bilateral cataract aa*as then noticed. 

Autopsy: Weight 2,800 gr. Xo macroscopic changes of internal organs. 

Alicroscopic examination: Heart, lungs, and liver avithout changes. The kidneys 
mnmfe.st in the cortex diffuse, thin, fibrose striae and a few cientrose foci arith a tiii. 
ling quantity of round ceils, 


R 686. Weight 3,020 gr. Inoculated arith 1 cc 11 days old glycerin bouillon culture 
from tho lia-cr of R 591. Died after 18 days. 

Autopsy; Weight 1.4S0 gr. Emaciated. Some small, clear, cystiform fonnatioiL- 
in the mosontorium. Spleen small. Plenty of white, sliglitly^ fibrose, non-raised foci 
in the hidnoys. The orgaiis otljeraa'iso without macroscopic changes. 

Alicroscopic examination : The lungs and lia-cr do not manifest anything pathologiw . 
and the spleen focal, modornto hnemosiderosis. The cystiform formations in the me 
sonterium proa'o to he thin-avallcd cysts containing parasites, which cerfainlj 
to tho intestinal avonns. In tho kidneys is seen focal, purulent nephritis with di a e , 
purulent channels in the marroav and cortex. In somo odd spots near the sur ace o 
tho cortex small abscesses with a feav strongly suspected, non-acid-fast ungus ce 


G-p 315. Inoculated subcutaneously in tho right groin with an emulsion in haC 
solution of a crushed part of the lung from R 627- Killed 2 */. mont ^ ® 
Autopsy: Tho spleen presents slightly enlarged Malplu'gian bodies. i 
macroscopic changes of intenia! organs or at inoculation spot. -hoyi 

Microscopic examination: Lungs and liver avithout any changes. 
strong proliferation of tlie ai’all-cells in tho sinus, which assume an ^i . 

In this way the sinus is strongly dislocated and filled with bloo . inmoia- 

centres in tho Malphigian bodies likewise hyperplastic. No de inu e gr 

G-p 316. Inoculated like tho preceding one, though with a larger 
later there was palpated in tho right groin an abscess tho size of a laze , 
avhich had disappeared avithin 1 month. Killed 10 ^/. months n ter le _ ^ j 
Autopsy: Xo macroscopic changes of internal organs or at t le inocu 
Microscopic examination ; Same discoveries as for G-p 315. 
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R 575. Weight 2,470 gr. Inoculated intravenously with 1.5 cc of nn emulsion in 
NnCl-solution of small bits of spleen from R 627. After C months weak in hind- 
legs. Died 2 weeks later. 

Autopsy; Weight 1,310 gr. Severe cachexy. Outside the temporal bono n tumour 
fully tho size of nn almond, and extending forward towards tho orbita, forcing the 
eye-globe forward, so that n considerablo protrusio bulbi sinister exists. Tho tumour 
contains n yellowish-white, caseous mass. On both tho knee and elbow-joints, ns well 
ns in tho joint of tho loft foot, are seen large, nodose, caseous deposits (PI. XVI, figs. 
3 and 4), and towards tho columnn vortobnlis, in tho thoracal region, n caseous focus 
larger than a pea. 

In tho lungs arc soon diffused miliar 3 ’, whitish foci, and on both apices some abscesses. 
Tho spleen is not enlarged and presents on its surface some yellowish-white tubcrculo- 
sis-liko nodules. Tho liver is without macroscopic changes. Tho Uidnoj-s displnj* on 
tho surface liynlino, cientroso depressions and in tho parenchyma somo whitish no- 
dules (PI. XVI, fig. 2). Tho ileum and caecum appear to bo strewn with sulphur- 
coloured foci (PI. Xn, fig. 2). 

illtcroscopic cxaim’nntfon; Tho tumour on tho skull seems to bo n partly calcinated, 
caseous abscess and rather reminiscent of an old tuberentous caseous focus. In tho surround- 
ing capsule arc seen epithelioid cell granulomala with caseous necroses, which resemble to 
a high degree tubercles (PI. XVII, fig. 2). In columnn vcrtcbralis and tho prcviousl.v 
mentioned joints exist caseouslj’ necrotic, osteomyelitic foci, surrounded bj’ irregular, 
broad epithelioid coll borders. Diffuse fresh minute necroses in tho bono marrow. 
Similar foci also in tho periosteum. In all tho said foci are seen aeid.fasl bacilli of 
Koch’s type, especially in tho peripheries of the necroses (PI. VIII, fig. 6). In tho lungs 
are seen diffuso haemorrhages and numerous microscopic granulomatous foci with 
epithelioid and round cells. Xo necrosis. Sparse acid-fast rods. They do not present 
any verj' largo similarity to the. Tho spleen shows nn enormous haemosiderosis 
and diffuso, largo epithelioid cell granulomala with numerous rudimentary giant colls 
as well ns a central necrosis witli calcination. Large quantities of acid-fast rods. Tho 
suprarenals are without any changes. In tho kidneys are seen major and minor striae 
rather deficient in cells, and these striae pass up through tho cortex, furthermore 
fresh cortical granulomota of nn elongated form and consisting of masses of o])ithclioid 
colls and contrnllj' caseous necroses with acid-fast bacilli (PI. XVII, fig. 1). Orcat 
similarity with tbc. Granuloma occurs also in tho marrow. In tho tubuli n couplo of 
more or less purulent secretions. In tho center of n necrosis is seen a glomerulus remnant 
and in this plenty of acid-fast rods. Sections from tho wall of ileum show in tho 
l}-mphatio tissue closely Ij’ing granulomatous foci. Xumerous epithelium cavities 
are dilated and filled with pus. In ono such envitj- nro encountered n couplo of oval, 
palo j’cllowish-brown formations with cuticulnr shell and homogcncouslj- stained 
content, partly with amorphous, granular masses. (Intestinal parositol) In tho grnnu- 
lomata there nro modornto quantities of acid-fast rods, partly in small groups. Tho 
brain: In solitary spots in tho cortex nro soon small, glious scars and porivnsculnr, 
minute granulomata. In tho central gangliao of ono side an older abscess surroun- 
ded by perivascular round cell infiltrations. In tho centre of tho abscess a necrosis 
of caseous appearance with a remarkably largo number of acid-fast rods, partly diffuse, 
partly in bundles or balls (PI. VIII, fig. 4). Tlio corobollum is without visible 
changes. 


R 584. Weight 2,050 gr. Inoculated like R 676, though with 1 cc. Killed after 
3 months. 

Autopsy: In tho central lobe of tho right lung a hynlino portion tlio shnpo of a 
clover-lenf. Tho spleen of normal size, with several white nodules tho size of a pin’s 
head on tho surface. Otherwise no organic changes visible. 

Microscopic examination: In tho lung nro not seen any granulomatous foci, but 
here and there epithelioid proliferations in the alveolar walls. No necrosis. Tho spleen 
presents diffuso epithelioid eell granulomata with numerous rudimentaiy giant cell 
formations, and in sorno of the foci commencing caseous necrosis. No manifest hnomo- 
siderosis. Tho liver rich in glj-oogene, but otherwise nothing remarkable. 

7 — 4372. E. Hollstrdm, 
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G-p 307. Inocuktccl like R 684. though subcutaneously in t],o ^ ■ , 
^•eoks after moculation there was felt at the spot whore tl>e infection 
nght groin an abscess tlio sine of a hazel-nut kernel. “ 

Autopsy: No macroscopic changes of internal organs. In the right groin .m «i 
wlucli m smears proves to contain acid-fasi rods. ® ® ^ 

Microscopic examination; Tho spleen presents anaoinic pulp and sinus content 
ncii in ioucocytes, and also Iiero and thoro plasmatic colls. No haemogiderosis. Livp 
and kidneys without changes. Tho abscess in tho groin seems to be encapsulod bv 
a mombrano with tho appearance of granulomatous tissue rich in colls. In one spot 
in the same an indistinctly dolimitod, rounded epithelioid cell grnnulomo, without 
giant colls or necrosis. 


G-p 324. Subcutaneous inoculation in the right groin with 0.5 mg of 67 days old 
culture on Hohn-modium of acid-fast rods originating from tho spleen of B 527, lOdsys 
later was palpated at tho spot of injection an abscess the size of fully a hazel-ssi, 
which after another 3 weeks fistulnted. lulled 9 months after the inoculation. 

Autopsy: No macroscopic clianges of internal organs or at tlio inoculation spot. 
No microscopic examination. 


G-p 325. Inoculated like G-p 324, though with 0.26 mg. Abscess in the right gioin 
and fistulation ns in tlio above-mentioned animal. Killed 3 */t months after inoculation. 

Autopsy; In tho right groin, arc seen two abscesses tho size of a pea, and on the right 
side of tho artcrin iltncn dexter a lymph gland tho size of a hazel-nut kernel whicli 
had partly turned into an abscess. 

Microscopic examination : In tho lungs indicated granulomatous foci without necrosis. 
Tho liver without any changes. In tho lymph gland is seen an epithelioid cell granu- 
loma with central abscess formation, but without necrosis. Sparse acid-jost rods, 
Tho lumbar abscess is surrounded by a narrow edge of opitlielioid cells. In some spots 
necrosis in tho pus. Rather plenty of acid-fast rods, single ones, in masses and under 
pliagocy'tosis. 


R 689. Weight 2,030 gr. Inoculated with 1 cc emulsion of pus from an osfeo- 
myelitic focus of R 676 (a speck of pus the size of a pea was cmulsioned in 10 coNaCI- 
solution). Died 1 */. month- later. 

Autopsy: Weight* 1,010 gr. Severe cachexy. Tho pulmonary parenchyma poory 
air-conducting with a few white foci tho size of a pin’s head. Tlio spleen great) 
enlarged (PI. XVIII, fig. 1), 10 cm long and pervaded by white riodnles the sizeoi a 
pin’s head, 'Tho liver, too, is enlarged and presents tho same foci ns in tfie spleen, ms 

not in such largo numbers. On both kidneys diffuse nodules of the same appeurunee as 

in tho spleen. In tho M'all of caecum arc distinguished a few whitis oci. 

Microscopic examination: In tho pulmonary parenchyma severely , 

catarrh and oedema, ns well as numerous epithelioid cell grnnulomata , ..j.^ 

lymphocy'-tic casings. In some odd granulomatn central caseous necrosis. 
luhcrcuious changes. Moderate quantity of acid-fast rods, party i ® ...^s 

in groups. Tho spleen is plentifully pervaded by largo end part y 
necroses, surrounded by thinner or broader epithelioid cell bor ers. 
typical Langhans’ giant cells. Histologically the changes are on t ewio e . . j 
tuberculous changes (PI. XIX). The necroses ore penmded by j 

acid-fast bacilli, especially in tho periphery, where they are einnt celb 

partly in large balls, and also partly in macrophagi and in t e maiotib’ 

(PI. VIII, fig. 8). The liver presents masses of typical milMry 
with central caseous necrosis and with diffuse Langhans giant ee s. diffc' 

bacilli, diffuse and in groups or balls. In tho cortex of the ki of efi" 

submiliary granulomatn without caseous necrosis or giant ce Is, par y 
thelioid cells. Here and there acid-fast rods. 

R 690. Weight 2,726 gr. Inoculated like R 689, though witii 3.5 co. Pied att 
2 months. 
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Auiopay; ^Yoig\lt 1,300 gr. Severe cachexy. Tho lungs nro porvnUocl by major nucl 
minor caseous foci. In tlio spleen and liver plenty of white nodules hardly tho size of a 
pin’s head (PI. XVIII, fig. 2). In tho kidneys n small number of foci. Tlio caecum 
swollen and pervaded by whitish nodules. 

Microscopic examination: As n rule, tho lungs display in tlio parenchyma, especially 
below tho pleural surface, milinry and major tuhcrclea, with caseous necroses and puru- 
lent admixtures. Diffuse Lnnghnns’ giant cells in tho surroundings. A modernto qunn- 
tity of acid-fast rods. Histologically judged, tho proccs.s is of recent origin (PI. XX). 
In tho spleen nro visible severe pulp hnomosidoroscs ns well ns numerous mihary tiihcr- 
cles with central cnscQus necroses nnd Lnnghnns’ ginnt cells. Sovero roticido-ondothclial 
hvpcrjjlnsia in tho pvdp. Plenty of acid-fast rods, singly nnd in nccumulntions. Iho 
liver presents mainly tho same picture as in It 089, but n more pronounced necrotic 
tendency. Sovornl of tho necroses hynlincly encnpsulcd or metnmorphosod, respectively 
(PI. XXI, fig. 1). Acid-fast rods ns in tho spleen. In tho cortex of tho kidney fairly 
numerous milinry and submilinry grnnulomntn, tho larger ones with central enscous 
necrosis. A modernto quantity of diffuse acid-fast rods. 

G-p 380. Inoculated like It 089, though intrnperitoncnlly with 1 cc. Weight then 
426 gr. Died nftcr nbout 6 months. 

Autopsy: Lean (weight 310 gr.). Internal organs hypernemic but otherwise without 
macroscopic changes. 

Microscopic examination: Tho lungs nnd liver present intensive stasis nnd tho spleen 
is rich in cells, moderately thickened sinus walls nnd modernto Imemosiderosis. Other- 
wise no pathological changes. 

G-p 381.J Inoculated like G-p 380, though subcutnTirously in tho right groin. 
Still nlivo 7 months Inter. 

G-p 383. Weight 425 gr. Inoculated liko 0-p 381, though with 1.6 cc. 14 
days after inoculation there was palpated in tho right groin nn abscess tho size of 
a linzobnut kernel, which remained when tho animal died within 6 months of the 
inoculation. 

Autopsy: Weight 370 gr. Lean. In tho right groin is visible nn nbscc.ss tho size 
of a hnzol-nut, with ycllowish-whito pus. A slightly enlarged lymph gland on the right 
nrteria iliaca. A slightly increased quantity of moisture in tho belly. In tho mesen- 
torium two whitish formations tho sizo of n pen. Otherwise nothing pathological 
visible. Tho bladder contains a concrement tho size of n pea nnd with n rough 
surface. 

Microscopic exarnination: Lungs, liver, nnd kidneys without any changes. In tho 
bladder trifling chronic cystitis. Tho formations in tho mesenterium prove to bo lymph 
glnnds with lymphatic stasis. Tho lymph gland near tho nrteria ilinen presents slight, 
chronic adenitis, but otherwise nothing pathological. In tho right groin a chronic 
abscess, containing fairly sparse, acid-fast rods, nnd surrounded by nn nbscc.ss mcm- 
brnno with numerous epithelioid colls. 

R 665. Inoculation of 0.2 mg of Hohn-culturo derived from nn ostcomyolilic 
focus in R 675. Died 3 weeks after tho inoculation. 

Autopsy; Lungs, liver, nnd spleen present n fine-grained surface, but no macro- 
scopic foci. Tho spleen is enlarged. 

Microscopic examination: In tho lungs numerous epithelioid coll grnnulomntn. Xo 
caseous necrosis nnd no distinct formation of ginnt cells. Plenty of acid-fast rods, 
diffused nnd in groups. In tho liver lots of quite small epithelioid grnnulomnta, diffusely 
strewn about and without caseous necrosis. Rudimentary ginnt eolls hero nnd there. 
No manifest histological similarity to the. Uncommonly plenty of acid-fast rods, 
largely in bundles nnd balls. Tho pnrnnchyma of tho spleen is for tho greater part 
roplncod by generally small opilholioid cell grnnuloraatn, often arranged ns thick casings 
around tho Jfnlphiginn bodies. No enscous necrosis nnd no manifest ginnt cell forma- 
tion. Itcmarkahly plenty of acid-fast rods, mostly in bundles and balls. Tho kidney 
presents acute inflammatory perirenal oedema. In tho cortex of ono kidney is found 
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n fibrotic focus about the size of a pea, witliin which tlio 
but tlio ducts atropfiic. No ncid-fast rods. 


glomeruli are mostly preserved, 


nsg of Hohn-culturo from the spleen of li 680. Died 
after 10 days. No npprccinblo change in weight. 

At/topsy: Spleen enlarged. Otherwiso no macroscopic changes of internal orcans 
^Itcroscoptc examination; The lungs display indications of bronchopneumonic in- 
filtrntions and minor atelectatic foci. Moderate quantity of acid-fast rods. In the liver 
plenty of jpanulomatous foci, wliich arc located pronouncedly periportally, respectivelv 
* v minor giant cells but' no caseous neerosis 

(PI. XXI, fig. 2). Plenty of acid-fast rods, largely lying in big heaps, and balls. The 
spleen displays diffuse reticular cell proliferation with sharply delimited epithelioid 
granulomatous foci, with hero and tlicro indicated necroses. Trifling pulp haemosidero- 
sis. Acid-fast rods ns in tho liver. The kidneys show solitary fibrotic cortical striae 
infiltrated by round cells, partly reaching don-n into tho marrow. In one place in a 
pyramid a submilinry granulomatous focus of epithelioid cells, surrounded by round 
cell infiltrations. No necrosis. Some groups of acid-fast rods, inter alia in a couple 
of glomeruli. 


G*p 384. Inoculated subcutaneously in tho right groin witli a bit of tho spleen 
quite tho size of a pea from R 090, and cmulsioned in NaCl-solution. After about 2 
weeks there was palpated a fluctuating abscess almost tho size of a walnut in the right 
groin. 3 montlis after tho inoculation tho animal was treated on the back with barium 
sulphide for tho purpose of getting ft surface free from hair for tuberculin tests, and 
tho guinea-pig died within 14 hours. 

Autopsy; In tho right groin an abscc.ss tho size of a hazel-nut with large quantities 
of pus tlmt has penetrated into tho femoral muscles. No distinct organic changes. 

Hficroscopic examination ; Tho abscess in tlie groin is chronic with serious disintegra- 
tion of tho pus. Epithelioid ceils of no very distinct character arc seen in tlio surrounding 
abscess membrane. In tlio abscess rather plenty of acid-fast rods, most plentiful where 
tho disintegration of the colls is greatest. Tho lymph gland near the arteria iliaca shows 
numerous submilinry opitliclioid cell gronnlomata witliout caseous necrosis and without 
ncid-fnst rods. Tlio spleen presents strong reticular cell proliferation in the pulp, but 
no delimited grnnulomnta. Trifling haemosiderosis. In the liver is seen, in conjunction 
with ft portal cord, a trifling epithelioid cell focus. 

G-p 385. Inoculated like G-p 384. After two weeks there became wsible in the 
right groin an abscess tho size of a hazel-nut, which fistulnted a week later. Tlie ani- 
mal is nlivo ond well 0 months after tho inoculation. 


R 543. Weight 2,700 gr. Inoculated with 0.1 mg of Lowenstein-culture denved 
from tho liver of R 090. Died 5 wcelrs after tlio inoculation. , 

Autopsy; Weight 2,050 gr. Enlargement of tho spleen but otherwise no distmc 

organic changes. , , 

Microscopic examination; In the lung numerous miliary and submihary ■ 

Pronounced histological similarity to tuherculosis. Moderate quantity of 

fast rods. In the liver vast quantities of caseous necroses, partly confluent and sur 

ded by loose, broad zones of epithelioid cells. Only solitary giant cells of Langna 
tvpe. Great histological similarity to tuberculosis. Moderate quan i y ° 
rods, hero and there plentiful. Tho spleen presents numerous miha^ epit 
granulomata, located especially around the arteries, some of them wi i ce 
necrosis. Solitary Langhans’ giant colls. Great similarity to ibc. un mgs 
rods as in tho liver. Tlio Iddneys do not show anything wortli noting. 
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I’ELQER-nUBT’s ANOMALY OP THE NUCLEI OP THE LEUCOCYTES. 391 

Tjudritz examined the blood from the parents in both these 
cases with the following results: In Stahel’s case both the parents 
proved to be ^partial carrieri), the father of the usual type and 
the mother of the tj'pe described by Leitner where the leucocytes 
have coarse chromatin net and 3 — 5 round segments with thin 
linking threads. — In Zilndel’s case, the father at least was 
^partial carrier^). 

Nevertheless the hereditary conditions are not made clear by 
these finds, nor would Umbitz suggest it. It should be strongly 
emphasised that !>partial carriers') are not considered as bearers 
of the Pelger gen. 

.-Vs stated, none of the relatives of our Pelger cases were »partial 
carriers), therefore including the parents of our case No. 2 — 
and this despite very careful examination of their blood. — • The 
patient had no children. 

Possibly in this case there may be question of a Pelger type 
that is new as regards occurrence. Illegitimate paternity might, 
however, provide the explanation. This possibility was considered 
to be excluded in ZundeTs case. 

Pelger-IIuet’s anomaly of the nuclei of the leucocytes, false 
.shift to the left, ha.s considerable theoretical interest, as has 
been seen. Undoubtedly, however, the practical importance is 
also great. If the anomaly is diagnosed, Pelger iiubvidtials would 
llien of course be spared many complicated examinations and 
po.ssibiy also more or less risky or financially burdensome thera- 
peutic interventions. — Cousccpiently the false shift to the left 
require.s to be known to the greatest e.xtcnt possible. 

• .Vt Sdder.sjukhuset we have itow had in the course of little more 
than a year -1 cases of false .shift to the left. Tliis indicates that 
this anomaly is not so uncommon. If a watch is kept otit for the 
characteristic fe;ituro of the blood picture, these cases will prob- 
ably be diagnosed to an ever greater e.xtent. 

Summary. 

Peiger-HuCt’s anomaly of the nuclei of the leucocytes is ebar- 
.acterised by a noticeable contrast between the immature form 
of the leucocyte nuclei and their mature structure. The nucleus 
seems .sn)all in relation to the cytoplasiua. Dumb-bell or peanut 
shape in the.se is pathoguomoiiic, but not the glass-eye form. It 
is exceptional for more than 2 segments to be formed. It would 



Plate I. 

Fig. 1. jMicrophotograph. Strnizi TIT. Fouu fungxis colls after 12 
hours’ growtir at living-rooiu tompornturo on tho surface of maltose 
agar. Tho outermost colls .show commencing biukling. Magnification, 
440 diameters. 

Figs. 2 — 6. Show tho continued propagation of the fungus ceils by 
budding. Microphotographs taken after respectively 18, 19, 22 Vui 26, 
and 30 liours’ growth at living-room temperature. Magnification, 440 
diameters. 


llollslrOm. 




Plate II. 

Fig. 1. jMicrophotogmph. Strain IT. Part of culture on the surface 
of ordinary agar jilato. Round, ovoid, and elongated fungus cells. Magni- 
fication, G60 diainetors. 

Fig. 2. jMicrophotograpli. Strain V. Part of a culture inside an or- 
dinary agar plate after 24 hours’ growth at 87° C. Four full-grown co- 
lonie.s and some groups of fungus cells commencing to form a colony. 
iMagnification, 2,30 diameters. 

Fig. 3. i\Ticrophotograph. Strain II. Part of a culture inside an or- 
dinary agar plate after 24 houm’ growth at 37° C. In the centre a fungus 
colony from which issue tendrils of mycelial branches with buds. Further- 
more. some more evenly outlined colonies of round and ovoid ceils. 
IMagnification, 230 diameter's. 





riate III. 


^ from a paper (99) by Reenstierna ) 

l'}g. 1 iliustratcs a mycotic noii-acid-fast micro-organism isolated 
by Reenstierna in 1912 from the blood of a patient suffering from nodular 
leprosy m the acute stage. Growing in a special fluid medium it formed, 
besides solitary, large, prickly cells (one is seen at the top of the figure) 
chiefly long chains whose links were partly like small yeasts. Fig. 2 
shows how some links have changed into acid-fastness. Stain; Zielil- 
Neolsen. ^Magnification, 1,000 diameters. 

Fig. 3. Strain I, Smear from 15 hours old culture on ordinary agar 
plate, illustrating the common appearance of fresh fungus cells. Stain; 
Ziehl-Neclson. iMagnification, 1,000 diameters. 

(Figs. 4 — 11. Smear.s from the bottom of one and the same gl.ycerin 
bouillon culture, originating from a single cell of the fungus.) 

Fig. 4. Smear from the culture after 36 days at 37° C. In between 
the fungus ecli.s are seen blue granules with a reddish tint, partly l^-ing 
in faintly blue-.stained disintegrated fungus cells. Stain; Zielil-Xeelsen. 
^lagnification, 1,000 diameters. 

Figs. 5 and 6, Smear from the culture after 45 days. In fig. o aie 
.seen, alongside of some fungus cells, non-acid-fast rods, of which a couple 
with acid-fast granules at one end, and in fig. 6 an agglomeration of 
non-acid-fnst and acid-fast rods. Stain: Ziehl-Xeelsen. Magnification, 
1,000 diameters. 

Figs. 7 — 11. Smears from the culture after 36 days. There are seen 
acid-fast filaments, whicli are intenvoven wth the fungus cells (fig. 7)i 

acid -fast, gi’amilar rods of the same appearance as Koch’s bacilli (fig- 

as well as amongst the fungus cells acid-fast, dense accumulations of 
at least at the j^eripherj' clearly noticeable rods (figs. 9 and 10). Stain. 
Ziehl-Neelsen. IMagnification, 1,000 diameters. 

Fig. 11. Smear from the culture after 45 days. Gram-positive aiic 
-negative fungus cells, of which latter one is much larger than the 
In the upper part of the fig. is seen a gi-am -positive net-woric, w nc i 
with Ziehl-Neelsen stain is acid-fast and appears like that m ig- '• 
Stain: Gram. IMagnification, 1,000 diameters. 








Plate 1 V. 

Fig. 1. Smear from the same glycerin bouillon culture as in P! IH 
figs. 4-11, 45 days old. Acid-fast rods and filiform elements, of ahicii 
one of the. latter apparently issues from a fungus cell. Stain; Hnllberg 
(Nachtblau-pyronin). Magnification, 1,000 diameters. ^ 

Fig. 2. Strain I. Smear from a 62 days old glycerin bouillon culture, 
u'bich for 30 days has been growing at 37° C and 32 days at living-room' 
temperature. Amongst the acid-fast and non-acid-fast fungus cells, 
some of which are faintly stained, is seen a vast quantity of granular 
acid-fast rods. Stain; Hallberg (Nachtblau-pyronin). Magnification, 1,000 
diameters. 

Figs. 3 and 4. Strain III. Smears from a glycerin bouillon ciikiire 
after respectively 9 and 13 days’ growth at 37° C. In botli figures are 
observed aroimd the acid-fast and non-acid -fast fungus cells amorphous, 
yellowish-brown masses containing differentiated rods, partly of the 
same jmllowish-brown colour, partly blue (acid-fast). In fig. 3 granular 
and circular elements are seen forming the outline of light-bluo stained, 
moi’e or less disintegrated fungus cells. In the lower part of fig. 4 are ob- 
served some verj' large, cystiform, brorni formations, probably swollen 
fungus cells in the course of disintegration. Stain; Hallberg (Nnolil- 
blau-neutrai-red). Magnification, 1,000 diameters. 

(F'igs. 5 and 6 are reproduced from a paper (41) by Gullberg. Tliey 
illustrate smears from glycerin bouillon cultures originating from single 
cells of two of Gullberg’s fungus strains of yeast-oidium type.) 

Fig. 5. Smear from a 13 days old glycerin bouillon culture of the 
one fungus strain isolated from the sputum of a patient suffering from 
pulmonary tuberculosis. There are seen non-acid-fast fungus eleInent^, 
and in an amorphous mass small granules and small rods, of which fl 
few are acid-fast. Tlie red elements are intermingled in a peculmr 
manner with the blue components of the amorphous mass. Stain. Fonfe, • 
Magnification, 1,000 diameters. 

Fig. 6. Smear from a 16 days old glycerin bouillon culture of t w 
other fungus strain isolated from a patient with fever and erj thorn 
nodosum in his history. In this figure is seen a large, round formati 
whose periphery consists of a wreath of ovoid fi 2 ngus cells, " e c 
centre is occupied by a net-work of blue filaments, in which lattei t 
are acid-fast rods precisely like the bacilli of Koch. Stain. /Aehl i 
i\fngnification, 1,000 diameters. 
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Plate IV. 
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Plate V. 


r,g. 1 Microphotograph. Strain III. Smear from a 42 dny, oUl 
glycerm bouillon culture (unth 15 per cent glycerin instead the or 
nary 3 per cent . Amongst the fungus cells are seen diffuse acid-falt' 
rods precisely like the bacilli of Koch. Stain: Hallberg (yac! tb n 
pyronin). Magnification, 800 diametens. ' 

Fig 2. Smear from the same culture as in fig. 1, showing a InuKlle 
of acid-fast rods alongside acid-fast and non-acid-fast fungus cells. 
Stain: Hallberg (Nachtblau-pyronin). Magnification, 1,000 diameters! 

Fig. 3. Strain I. Smear from a 35 days old glycerin bouillon culture. 
Blue and red fungus cells and three, large, yellowish, peculiar con 
puscles covered with rod prickles. They agree in appearance with the 
pine-cone-shaped formations which by Hallberg have been proved in 
fungus cultiiies aud sputa from patients suffering from pulmonary tu- 
berculosis, and also in the tissues from Schaumann’s disease (43). Stain: 


Hallberg (Nachtblau-pyronin). Magnification, 1,000 diameters; 

(Figs. 4 — 12. Smears from a glycerin bouillon culture originating 
from the liver of a rabbit inoculated with fungus culture. This rabbit, 
R 591, which was inoculated intravenously five times with glycerin 
bouillon culture of strain II, died 5 weeks after the last inoculation, 
when, inter alia, it manifested endocarditis verrucosa mycotica (PI. 
IX, fig. 1), as well as necroses iir the lungs and liver (PI. IX, fig. 2). A 
piece of the liver was transferred into glycerin bouillon, where, after one 
day, there was obtained growth of fungus, and within 9 days acid-fast 
rods.) 

Figs. 4 — 6. Smear from the culture after 9 days. In some of the 
fungus cells are noticed reddish “foci”. Fig. 4 illustrates acid-fast rod.« 


arranged in a bunch which in size and outline shows similarity with an 
ovoid fungus cell and lying like a continuation of two such. Figs. 5 
and 6 show amongst the fungus cells acid-fast elements arranged in 
bundles of ovoid form. Stain: Ziehl-Neelsen. jMagnification, 1,000 dia- 
meters. 

Figs. 7 and 8. Smear from the culture after 7 days. Fig. 7 shous 
amongst the fungus cells a formation of intercrossing acid-fast iods 
This formation agi’ees in size and shape with an ovoid fungus cell. 
In fig. 8 is seen how from a non-acid-fast m^’colial branch seems to 
issue a formation of acid-fast rods. Stain: Ziehl-hicelsen. Magnificn 

tion, 1,000 diameters. ., 

Fig. 9. The same smear as in figs. 4 — 6. Amongst the fungus ce .■> 

there is a small ball of fairly sparsely lying acid-fast rods. Stain. 
Neelsen. Magnification, 1,000 diameter-s. 

Figs. 10 and 11. The same smear as in figs. 7 and 8. Fig. - ^ 
amongst long fungus cells, partly in a state of disintegration, a 
ball of densely packed acid-fast rods, and fig. U two ^ 
fast formations (no doubt fungus elements). Stain. Zie i i e • 

Magnification, 1,000 diameters. . „„crh- 

Fig. 12. The same smear as in fig. 9. This fig. illustrates m an < 
meration of ovoid, non-acid-fast fungus cells of ordinary size, a 
acid-fast ovoid cell, ostensibly consisting of closely ^sliapc^^ 

elements. At the upper end of this formation there projects a 
“handle”. Stain: Ziehl-Neelsen. Magnification, 1,000 diametens. 



















Plate VI. 

iMg. 1. Smear from the same glycerin bouillon culture as in PI. V, 
figs. 4 — 12, aftei' 7 days. Non-acid-fast fungus elements, particularlv 
mycelial branches, some of which manifest disintegration with surround- 
ing amoi-phous, granular masses. Three large accumulations of acid-fast 
rods with the appearance of Koch’s bacilli. Stain: Ziehl-Neelsen. Magni- 
fication, 1,000 diameters. 

Fig. 2. Smear from a 53 days old culture on Holm-medium, origi- 
nating from a renal abscess from rabbit R 589, which had been inocula- 
ted intravenously with 1 cc of glycerin bouillon cultme of strain II and 
died 7 days after inoculation. (Smears from renal abscesses showed fungus 
cells and very sparse, short acid-fast rods.) This fig. shows acid-fast 
and almost unstained fungus cells, and also acid-fast granules and 
short rods. Stain: Hallberg (Nachtblau-pyronin). Magnification, 1,000 
diameters. 

Fig. 3. Smear from renal abscess of a rabbit, which for the prepara- 
tion of immune serum had begun to be inoculated with a mixture of the 
five fungus strains, but died .3 days after the second inoculation. An 
accumulation of granular and rod-shaped, acid-fast elements. Stain: 
Hallberg (Nachtblau -neutral -red). Magnification, 1,000 diameters. 
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Pl-ale VI. 







Plate VIL 

^ Fip. 1 and 2. ]Mierophotogi-aphs of smeai-s from a renal abscess (PI. 
XI, fig. 1) of a rabbit., R 652, ndiicli had been inoculated five times with 
glycerin bouillon culture of fungus strain W, and died hardly 3 Vo mouths 
after the last inoculation. Fig. 1 illustrates fungus cells of which several 
Irave not been stainablo at all or only very slightly so. Stain: Gram. 
Magnification, 1,000 diameters. Fig. 2 shows solitary acid-fast fimgus 
cells, while the bulk are un.stained. Stain; Hallberg (Naehtblau-neutral- 
red). iilagnification, 1,000 diameters. 

h'ig. .3. Part of section of a subrctinal abscess in the eye of the 
above-mentioned rabbit. A bunch of fairly clvrmsj' and somewhat short, 
acid-fast, rods, is seen. Stain: Hallberg (Nachtblaii-pyronin). ^lagnifica- 
tion, 1,000 diameters. 

Fig. 4. Part of a .section (PI. XII, fig. 2) from the brain of a rabbit, 
R 561, which had been inoculated intravenously three times with glycerin 
bouillon culture of strain I and died 3 days after the last inoculation. 
In an abscess is seen a chain of non-acid-fast, double-contoured fungus 
cells. Stain: Hallberg (Nachtblan-pyronin). Magnification, 1,000 din- 
metons. 

Fig. 5. Part of .section from the brain (PI. XII, fig. 3) of a rabbit, 
R 083, which liarl been inoculated intravenously ^rit]^ a 7 days old gh- 
cerin bouillon culture containing fungus elements and acid-fast rods. 
This culture had been made from the liver of a rabbit, R 591 (PI. li 

figs. 4—12 and PI. VI, fig. 1). In an abscess is seen an agglomeration 

of -sliglitly violet-stained fungus cells, some of which are plentifully 
provided with granules, which impart to the cells o certain likeness 
with the pine-cone-forms described by Hallberg. Stain; Ri.s.'l. ag"' 
fiention, 1,000 diameters. 
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Plate Vlll. 

„ !' ^’^'^^'oP^^otogvaph. Smear from tJie rieht lime nf . .iv.- 

• . IJie ammal ^vas kilJed after about 6 mouths. The autonsv 

showed macroHcopically tuberculous changes in the lungs, liver, and 
sp con Hi.sto]og;cail 3 ', them wei-e observed in the lungs epithelioid cell 
gi-nnuIo7nntn with caseous necroses. The picture reminded one not so 
httlo of tuberculosis. This fig. shows acid-fast rods of the same appear 
anco as typical Koch’s bacilli. Stain; Hallberg (Kachtblau-carbol- 
fuchsin). iMagnifiention, 1,000 diameters. 

Figs. 2 and 3. Smear from the .spleen of R 527. Histologically, the 
spleen showed granulomatous foci, some of them with polynuclear giant 
cells but without nocrosi.s. Foci of the same appearance were also found 
in the liver (PI. XVI, fig. 1). The figs, illustrate groups of acid-fast 
rods. Slain: Zichl-Xeelsen. Magnification,. 1,000 diameter’s. 

Fig. d. From a .section of the brain of a rabbit, E 575, inocidated 
intravenously Avith a suspension in XaCl-sohition from the spleen of 
II 527. R 575 died in an extremel,v cachectic condition 6'/; months 
after (ho inoculation, and displayed changes in lungs, liver, spleen, kid-, 
iioj’s, intc.stino, and skeleton, some of tliom reminiseent of tuberculosis 
(PI. XVr, fig. 2 — 4, PI. XVJT). Tin’s fig. sliows a small portion of a 
cerebral ab.sce.s.s with partl.v diffuse bundles of acidfast elements, ar- 
ranged similar to globi the same as lepros.y bacilli, and partly a largish 
iiall, comjioscd of minor balls or tufts of acid-fast elements, so that 
the Avholc hn.s a fan-like appearance, Stain: Hallberg (Xaehtblau- 
noutral-red). ^lagnification, 1,000 diamctei-s. 

Fig. 5. Smear from an ostcom\'elitic focus of R 575. Acid-fast rods, 
partly in a bundle, and partly- some diffuse ones. Stain: Ziehl-Xeelson. 
rtfagnification, 1,000 diamctoi’s. 

Figs. 6 and 7. Smear from an abscess in the right gi’oin of a guinea- 
pig, G-p 325, inoculated .subcutaneously in the right gi’oin with 0.25 cc 
of a 57 days old Hohn-culture, originating from the spleen of R 527. 
G-jj 325 was killed 3 V. months after the inoculation. Fig- 6 shows 
diffuse, acid-fast rod.s and' fig. 7 a phagocyted group of such. The phago- 
cyte cell is in a state of dis.soIution. Stain: Hallberg {Xachtblau-p}wo- 
nin). Magnification, 1,000 diametei-s. fon 

Fig. 8. Part of a section from the spleen of a rabbit, ^ ' 

lated Avith pus from an osteomyelitic focus of R 675. R 68 '® ‘ 

1 V„ month severely cachectic and Avith organic changes as in tu 
sis (PI. XVIIJ, fig. 1, and PI. XIX). This fig^«’e/"«strates acid-fas • 
mostly in large, fan-shaped agglomerations. vStain: Ziehl-Ree sen. 
fication, 1,000 diameters. 













Plate IX. 

Fig. 1. R 591. (See explanation of PI. V, fig.s. 4 — 12.) The border 
portion of a mycotic focus the size of a pea on a chorda tendinea in the 
right cardiac chamber. Stain; Hallberg (Nachtblau -neutral -red; decolora- 
tion rvith propylic alcohol). Microphotograph. Magnification, 340 dia- 
meters. 

Fig. 2. R 591. Two mycotic-necrotic foci in the liver. (A piece of 
the liver was transferred into glycerin bouillon, where, after the lapse 
of one day, fungus elements, and after 9 days, acid-fast rods, appeared 
(PI. V, figs. 4 — 12, Pi. VI, fig. 1). Stain; Haem. v. Gieson. Microphoto- 
graph. Magnification, 29 diameters. 













Plate X. 

Figs. 1 and 2. R 587. Inoculated intravenously five times ivitli 
glycerin bouillon culture of fungus strain I, died 2 1/2 months after the 
last inoculation with pronounced cachexy. Fig. 1 shows necrotic ahscessc? 
in the liver. Stain; Haem. v. Gieson. Microphotograph. Magnification, 
95 diameters. Fig. 2 illustrates a larger hepatic gall-duct containing 
fungus cells, some of which are rmstained. Stain; Hallberg (Xachtblau- 
neutral-red). Slicrophotograph. Magnification, 1,000 diameters. 
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Plate X. 



Fig. 2. 



Plate XL 

Fig. 1. R 652. Iiioculated intravenonslj^ five times with glycerin 
bouillon culture of strain IV, died cacheetie 3 months after the last 
inoculation. This fig. shows in the marrow of the kidney two older 
abscesses with disintegrating pus. (In the pus plenty of fungns cells, 
as Rl. VTI, figs. 1 and 2, show.) Stain; Haem. v. Gieson. Jlicrophoto- 
graph. Jlagnification, 75 diameters. 

Fig. 2. R 6S4. Inoculated intravenously with glycerin bouillon cul- 
ture containing fungus elements and acid-fast rods. This culture had 
been made from the liver of R 591. R 6S4 died after 8 daj's. This fig. 
illustrates miliary, fresh abscesses in the border between the medulla and 
cortex of a kidney. (Analogous pictures have been obtained also after 
inoculation with merely^ fimgus cells.) Stain: Haem. v. Gieson. Micro- 
photograph. Magnification, 40 diameters. 
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age of several measurements repeated on the same subjects in 
different days. 

The residual air changes may be considered as due, in part at 
least, to variations in the extension of the functioning alveolar 
fields and in the blood filling of the lungs. Those changes of resid- 
ual air would induce a corresponding variation on the resting 
respiratory level, if a concomitant modification of the reserve 
air does not take place. Ob\’iously we are deabng here with the 
constancy or inconstancy of the resting expiratory level of the 
thorax, which according to AVolff (11) shows a tendency to become 
fixer in the pulmonary tuberculosis. The point is not well estab- 
lished yet, and it will require further studies. It must not be for- 
gotten, however, that in tuberculous patients an occlusion of a 
bronchiole by secretions could temporarily exclude from the active 
gas circulation a ca^’ity or a number of alveoli with the con- 
sequent modification of the residual air volume. 

Before going further in the discussion it would be interesting to 
have similar data fi’om normal subjects. 

Such variability of the residual air volumes must not be dis- 
regarded in studying the changes produced on the lung volume 
by the surgical treatment of cancer or tuberculosis of the lungs. 

For judging the significance of a change of the mean value 
of the functional residual air, in pulmonary tuberculous patients, 
measured by duplicate and Avith the method employed by us, 
the S. D. of i 5.4 per cent of the volume measured should be used. 

For residual air the S. D. of ±9.1 per cent of its volume or 
±6.3 per cent of the volume of the functional residual air should 
be used. 

The analysis of the 296 duplicate measurements of functional 
residual air made on pulmonary tuberculousis shows, that the 
results secured with our technic agree fairly well with those ob- 
tained b}'' Cournand et al. with their open circuit method. 

The variability of the average of our duplicate measurements 
of functional residual air as single determinations are much lower 
than that obtained by Birath, S. D. ±48 against ± 89 ml. The 
greater volumes of his series, which determinations were made in 
sitting position, could perhaps account for the difference. 

S. D. of single determinations of vital capacity and comple- 
mentary and reserve air have been calculated in ml instead of 
percentages of their volumes, on account that no correlation has 
been observed between variability and volume magnitude of the 



Plate XV. 

Figs. 1 and 2. R 657. (Sec PI. XIV, fig. 3.) Fig. 1 shows an intrare- 
tinal, chronic abscess witli central fungal focus. Stain: Haem. v. Gieson. 
Microphotograph. IMagnification, 31 diameters. Fig. 2 shows a detail 
picture of a boi’der jjortion of the fungal focus. The latter, which consists 
chiefly of elongated cells, is surrounded by a l^’^aline border (a). Stain: 
Haem. v. Gieson. iMicrophotograph. Magnification, 280 diameters. 











Plate XVI. 

i'ig. 1. R 527 . Inocnlatecl intravenously twice with glycerin bouillon 

cultiu’e of fungus strain II, and killed after about 6 months. This fig, 
shows a tuberculoid granuloma in the liver. At the upper border of the 
granuloma is seen a Langhans’ giant cell. (In the hmgs and spleen were 
found the same changes with a moderate quantity of acid-fast rods of 
Koch’s type, as shown in PI. VIII, figs. 1-— 3.) Stain: Haem.v. Gieson, 
jMicrophotograph. [Magnification, 200 diameters. 

Fig, 2. R 575. Inoculated intravenous^ with a suspension in NaCl- 
solution from the spleen of R 527. The animal died after 6 1/, montls 
in an exti-emel 3 " cachectic condition, and displayed changes with acid- 
fast rods in lungs, liver, spleen, kidnej's, intestine, and skeleton, some 
of them reminiscent of tuberculosis. This photograph shows in the 
caecum (a) and ileum light foci scarcelj" the size of a pin’s head, and at 
the top of the photogi'aph a part of the left kidnej'' with cicatrose pits 
on the surface. 

Figs. 3 and 4. These photographs show’ respectively in the regions 
left elbow’ and left knee-joint large, nodose, caseous abscesses, issuing 
from osteomyelitic foci. (Acid-fast rods from a smear from the focus in 
the left knee are seen in PI. VIII, fig. 5.) 









Plate XV 11. 

Fig. 1. R 575. Jliliary, tuberculoid granuloma in the cortex oi a 
kidnej'. Stain: Haem. v. Gieson. Microphotograph. Slagnification, 75 
diameter.?. 

Fig. 2. R 575. Tubercle-like granulomata (a) with central caseous 
necrosi.s in the fibrous capsule of a larger, partty calcified, caseous 
abscess (b) in the fossa temporalis. 







Plate XVIII. 

Fig. 1 a. R. 584. Inoculated intravenously with a suspension in 
NaCI-soIution from tlie spleen of R 527. The animal was killed after 3 
months. This fig. shows the spleen with solitary, whitish nodules glint- 
ing through the surface. (Microscopicallj' the nodules were foimd to 
consist of epithelioid cell granulomata with numerous rudimentary giant 
cells, and in one and another granuloma commencing to ton into a 
caseous necrosis with rather plenty of acid-fast rods.) Photograph 
slightly reduced. At the autopsy the spleen measured 48 X 13 mm. 

Fig. 1 b. R 689. Inoculated intravenousl,y with a suspension in 
NaCl'Solution of pus from the osteomyelitic focus in the left knee-joint 
of R 575. Tliis fig. shows the excessively enlarged spleen pervaded by 
numerous miliaiy foci. (PI. XIX shows the histological picture.) Pho- 
togi’aph in natural size. 

Fig. 2. R 690. Inoculated with the same emulsion as R 689. On 
the left side of the picture is seen a part of the liver with numerous sub- 
miliary, white foci. On the right of the picture is observed a bit of one 
lung with numerous white foci the size of up to a pea. Photograpli in 
natural size. (Jlicroscopic pictures in PI. XX and PI. XXI, fig. 1.) 
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Figs. 1 and 2. R 690. Fig. 1 shows a total view of a part of the 
lung (PI. XVni, fig. 2) with three miliary, caseous, tuberculoid foci, 
one of which is located subpleurally. The central focus is seen to have 
developed from the wall of an artery (a). Stain: Haem. v. Gieson. Mi- 
crophotograph. jMagnification, 20 diametem. Fig. 2. Detail vuew from 
border portion of one of the said foci in fig. 1. a) caseous necrosis, b) 
epithelioid cell granulomatous tissue, c) Langhans’ giant cell. (In the 
foci a moderate quantity of acid-fast rods.) IMicrophotograph. Jlagni- 
fication, ISO diameters. 










Plate XXII. 

(Fig?. 1-— 0. Photographs of cnlturos in natural size.) 

I'igs. 1 — Tlic.^o fig.?. .sl)o\v Dio groirth of fungus .strain II ou re- 
spcetivoly ordinary agar (fig. 1) and maltose agar (figs. 2 and 3) after 
10 days, .o day.? at n (ompcrntiiro of .37° C and 5 clays in living-room 
ti’injic'iatnro. 

Fig. 4. Ciilturo on Loironstcin-mcdiiim after 53 days at 37° C of 
fiingii.? .strain 3II, after animal passage. (This culture contained fungus 
oloment? and short, acid-fast rods, ns PI. VI, fig. 2, slioivs.) 

I'ig. o. Culture of acid-fast bacilli from the spleen of R 527 (PI. 
VIIT, fig.?. 2 and 3) on Ldwenstcin-mecHum after 30 days at 37° C, third 
generation. 

Fig. C). Culture of acid-fast bacilli from the spleen of R 584 (Pi. 
XVIII, fig. 1) on Lbu’cn.stein-meclium after 30 clays at 37° C. 

Fig. 7. Culture of acid-fast bacilli from an osteomyelitic focus in 
tiio left knee-joint, of R .575 (PI. VIII, fig. 5, and PI. XVI, fig. 4) on L6- 
wonstoin-modinm after 30 days at 37° C, third generation. 

Fig. S. Cidtnre of ncid-fnst bacilli from the spleen of R 689 (Pi. 
VJII, fig. 8, PI. XVIII, fig. l,nnd PI. XIX) on Lowenstoin-medium after 
.30 days at .37° C. 

Fig. fl. Ccdtnre of acid-fast bacilli from a subcutaneous abscess 
of Ct-p 383 on Lowenstcin-medium after 26 days at 3(° C. This anima 
u-ns inoculated subcutaneously in the right groin with a suspension m 
XnCl-.soIution of jms from an osteomyelitic focus of R 575. 
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Preface. 


Tlic theoretical anti teelinieal part of the work in this investigti- 
tion has been carried out. at- the I’harmaeologieal Laboratory of 
the Caroline Institute. I take this oj)portunity to e.\jiress iny 
(lecji gratitude to Professor C. Liuk.stuand, Chief of the Lab- 
oratory. Ilis va.st experience in the jthy.siology of respiration and 
circulation has been of invaluable help to me. 

I iilso wi.sli to convey my sincere.st. thanlcs to Professor A. Kr.i.s- 
TKX.sox, Chief Physician of the Medical Clinic of the Poyal Se- 
nifimer llo.spital. for the great- interest he has always taken in 
my inve.stigations, and for having .«o kindly ])laeed at- my di.s])osal 
the cardiac ])atients of the (dinic. 

I am deejily indebted to Docent fl. Isym.v, tem])()rary Professor 
and Chief of the ^ledical Clinic when these investigations were 
commenced, as ho <lid evcrylhing to facilitate my work and has 
always followed it with keen interc.st. 1 have also had the opj)or- 
tunity of making some determinations in his dejjarlment at- the 
Sabbatsberg Hospital, for which I also wish to e.\])ress my thanks. 

'J’o Professor .T. Tii.i.cjukx, who was also t(!mj)ornry Professor 
and Chief of the Clinic. 1 desire to express my best- thanks for 
the kind interc.st he took in my work and for the favourable 
conditions under which I was able to continue my investigations. 

I am extremely grateful to Dr. L. Gommi-mc for many valuable 
discussions, c.specially in connection with the .stnt-i.st-ical treat- 
ment of the material. 

T also wi.sli to thank my colleagues at the itiedieal Clinic for 
their kind help in select ing cases. 

The technical staff of the Pharmacological Laboratory have 
given me skilful and careful assistance, for which I am much 
obliged. 

Finally, I should lilce to exjiress my great aji^ircciation to i\Iiss 
DonoTiiY Fnnui.s for the care and interest she has taken with 
the translation. 
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Introduction. 


Tlie cardiac output, the amount of l)lood every ventricle 
of tlic heart expels, usually expressed in lifer ])er minute, is 
naturally one of the factors in the ])hysiology of circulafion 
that has aroused most interest. A mimber of more or loss practic- 
able methods to determine the cardiac output have been worked 
out. GnotnM.-vx (1032) in Ids monograj)hy and ITonwii Giiuns- 
TKXSEX (1937) jiass an opinion in detail on tliese. Broadly .speak- 
ing the methods arc of two kinds, namely, those in which the 
stroke volume is primarily determined ])hysicaliy, and methods 
by means of gas analysis. 


Pliy.sical Slctliods for Dotcriuiningr tlio Strolcc 

Volume. 

Among the former only Liuk.stkaxd’s and Zaxdkii’s (1028) 
blood pressure method and the sphygmograjddc method, worked 
out by Buokmseu and Baxki-: (1030) are of any great interest. 
LiLJESTUAXn’s and Z.vxpeu’s so-called reduced amplitude-fre- 
quency product has been ])rovcd roughly to follow some changes 
in the cardiac output, but lias failed particularly when circula- 
tion changes have been brought about by other causes than 
increased oxygen consumjrtion (Nkukikcii, 1038). Tlio method 
is simple to carry out and can show the direction of the cardiac 
output changes, but does not give quantitative information in 
all circumstances. 

Broesiseu’s and Baxke’s sphygmograjddc method has been 
largely adopted in German investigations. Its great advantages 
arc that it does not require any co-operation on the part of the 
subject and that it allows of a continuous recording of the stroke 
volume. Aperia (1940, 1941 , 1942) thoroughly examined the theo- 
retical conditions of the method and found that the formulae hith- 
erto fixed according to Broemseu and Baxice, ^YETXERER 1940, 
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Wetzler and Boges 1936, are inadequately founded eswAII 
in oases of tachycardia, hypertonia an^n aLneed IT ^ 

unsatisfactory with errors sometimes as great as 300 % Amu 
provided another formula which gives a better result/obvS 
he method cannot yet be considered sufficiently worked om 
The chmcal results achieved with Beoesisee’s and Eakke’s 
metliod must^ be judged mtb great scepticism and will not be 
discussed again in tbe following. 


Methods by Means of Gas Aucalysis. 

1. Methods based on Fick’s qmnciple. According to Eigk (1870), 
oxygen consumption or carbon dioxide elimination is determined, 
as well as tbe difference between tbe oxygen or tbe carbon dioxide 
contents of arterial and mixed venous blood. Tbe cardiac output 
is then obtained by dividing oxygen consumption or carbon 
dioxide elimination by tbe arterio-venous difference. The arterio- 
venous oxygen difference is of great interest in tbe physiology 
of circulation, and this is tbe factor that is fixed in most prac- 
ticable methods for determining tbe cardiac output; most of the 
difficulties are to be found when it comes to establishing this 
difference. A number of direct, bloody and indirect methods 
have been worked out according to Pick’s principle, but have 
only been found suitable for practical use to a limited extent. 
They have nevertheless been of value for tbe purpose of con- 
trolling other methods. 

2. Methods based on Borxstein’s princijjle. According to 
Bornstein (1910), an indifferent gas is used, its absorption coef i 
cient being known. After determining tbe simultaneous absorphon 
of oxygen and tbe indifferent gas by means of some special respixa 
tion procedure, it is possible to calculate tbe^ cardiac outpu- 
Tbe first really practicable method to determine this ’ 
was Kjiogh’s and Lijtdhard’s (1912) nitrous oxi e me o 
This also required tbe determination of residual air, the time 
experiment and expired volumes. These factors were e , 
by Luxdsgaard (1915), who calculated “tbe stream equiva ^ 
i. e. tbe quantity of blood passing through the lungs pr. 
absorbed oxygen. He did not apply this consistent y, , 

but only in some cases, when the determination o e 
in question caused difficulties. Likdhard (192-i) m r 
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the cnlculaiiou of the quantity of oxygen absorbed Ijy 1 liter 
of blood when passing through the lungs i. e. the arterio-venous 
oxygen difference, and was able to do away entirely with tbc 
determination of residual air, time of experiment and expired 
volumes. The oxygen consumption was determined in a separate 
experiment, and the cardiac output was obtained by the divi- 
sion of oxygen consumption by the arterio-venous difference. 
This principle means a considerable .simplification and has also 
been applied in subsequent acetylene methods. 

The acetylene method worked out by Grollman (1929) large- 
ly facilitated the technique both for the subject and the c.x- 
perimentcr. B)-- means of this method numerous c.xaminations 
of the cardiac output have been carried out on healthy subjects 
under various conditions, as well as under the influence of various 
drugs. It has also been po.ssiblc to make use of it in clinical 
examinations. "When adapted to pathological cases, it has been 
difficult to bring about the thcorciical conditions for the method, 
this being particularly so in cardiac insufficiency. There are 
conflicting results to be found in literature. Generally .speaking 
there seems to be little clarit)' ns to the influence of drugs on 
the cardiac output in the case of heart insufficiency. 

The purpose of this work has been to study more closely 
the effect on the cardiac output in congestive heart failure, firstly 
of the cardiac glucosidcs, digitalis and strophanthin, secondly 
of a purine dcrivate theophylline diaethanolamine, thirdly of the 
usual analeptics, mctrazol (cardiazol) and nicethnmidc (coramin). 

In experiments during rest it is reasonable not to expect any 
effect from these drugs on the cardiac outqmt in cases without 
heart insufficicnej', as then the heart works oiitimnlly and with 
a great reserve. When there is insufficiency, on the other hand, 
it may be supposed that a favourable action on the heart causes 
an increase in the cardiac output. 

When this work Avas planned, it Avas intended to make use 
of the Grolljian method, but this soon proA’-cd not alto- 
gether suitable. A ncAv method, recently published by E. Niku- 
SEN (193/), AA’as then adopted. It has, hoAvcA’cr, been found 
necessary to modify this in scA^cral respects. The first part of 
the Avork giA^es an account of these methods and the e.xperienccs 
deriA^ed from them, Avhile the latter Avill deal Avith the results of 
the studies of drug action. 



PART i. 

3IetIio(ls. 

Orollman’s Acetylene aietliod. 

As lias already been said, Gsolmian’s acetylene- method was 
made use of at the beginning of this investigation. A short report 
will now lie given of this method, and the critique as well as tlie 
modifications that have been put forward in the course of latter 
years will be discussed. Further particulars and the theory for 
the calculation will be found in Grollman’s monography (1932) 
and Hohwu Christensen’s (1937) review. 

The procedure is as follows. The subject rebreathes from 
a rubber bag a mixtm’e of acetylene,- air and oxygen, and the 
bag -is completely emptied at each inspiration. The depth of 
each breath should be about 2.4 I. for a fully grown person, 
the volume of gas being reduced if necessary so that it can 
be inspired without undue effort. When a homogeneous mixture 
has been accomplished in the lung-rubber bag system, a sample 
is taken at the end of an expiration in an evacuated g<n 
sampling tube, and after 2 — ^3 respirations another sample- 
According to Marshall and Gbollman (1928), healthy suhjecfj 
require 5 — 6 respirations of about 15 seconds to bring a on 
a complete mixture. The last sample should be taken ad 
23 seconds, as even by tbat time blood containing acetyen 
returns to tbe lungs and the acetylene absorption 
less, with the result that too high a value arises in the ar 
venous oxygen difference. The samples are analyse 
Haldane gas analysis apparatus (a modified 
ing to Krogh-Liljestrand has been used in this inves loa 
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The arterio-venous oxygen difference is calculated according 
to the following formula: 


Ool X 


N,II 

NJ 


■OJI X 




X (B— 48.1) X 0.00974 


an, X 






C,HJI 


= Art.-ven. 0, diff. 


where (Oo) I, (CsHo) I and (K.) I represent the percentual per- 
centages of oxygen, acetylene and nitrogen in the first sample, 
(Oo) II, (CoHo) II and (K) II corresponding values in the second 
sample. B is the barometric pressure in mm of mercury. The oxy- 
gen and acetylene differences in the formula should amount 
to at least 1 % to prevent the analytic errors from having too 
great an influence on the result. 

The most important sources of error in the method are 

1) Failure to achieve homogenous mixture. 

2) Eecirculation of the blood containing acetylene to the lungs 
before the end of the test. 

3) Error in analysis. 


1) Incomplete Mixture. 

If the first sample is taken before the mixing has been completed, 
the result will be too low a value of the arterio-venous oxygen 
difference (Grollman, Friedman, Clark, Harrison, 1933, E. 
Nielsen, 1937). In healthy subjects homogenous mixture will 
be achieved as a rule, but it will be more difficult with cardiac 
patients, particularly those with lung congestion. Grollman, 
Friedman, Clark and Harrison introduced the three sample 
technique in 1933 for such cases. A three sample technique was 
adopted even in 1931 by Hohwu Christensen to control the 
method when determining the cardiac output at work. According 
to Grollman et al. three samples are taken 20, 25 and 30 
seconds after the beginning of the rebreathing, and 2 values of 
the arterio-venous difference are calculated between the 1st and 
2nd and between the 2nd and 3rd samples. Should the difference 
between these values be less than 10 %, the authors consider 
this to be a guarantee for complete mixture. The time for the 
experiment in such cases may be prolonged to 30 seconds or 
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more on account of slower circulation in these MBe„, c 
MAN et al. (193S), found in hydrogen eroele^s^ T' 
Ltindsbaakd and SomEEBECK (1923) thatiti„ti„oge,to2" 
the imnture and they recommended that the 1st sm* t'o 
not be taken until after 20 seconds. They a 
acetylene eqmhbrrum between alveolar air and blood is ! 
prevented by congestive heart failure. 

E. Nielsen (1937)^ expressed doubt as to the possibility of 
ac leving complete mixture on the basis of experiments in wMcli 
he collected many samples in the same lebreathiug period, ami 
found that the values of the arterio-venous Oa-difference in- 
creased the whole time, even though the time of the test didnoi 
exceed 25 seconds. He also refers to Sonne’s (1936) theory on 
the unequal function of the lung even in normal subjects, kb 
cording to Soni^e, this seems, moreover, to become considerably 
more pronounced during deep, respirations. INielsen’s experi- 
ments are not, however, completely convincing. A certain pre- 
mature recirculation from short circuits, above all from tk 
coronary circulation, cannot be avoided either, a fact that Groll- 


MAN emphasizes. Most authors having experience of the metbod 
consider that complete mixture can generally be achieved except 
in some pathological cases, which are then discovered by tk 
three sample technique. On the other hand, several autiiors 
maintain that it is possible to obtain complete mixture muci 
sooner (Gladstone, 1935; McBIichael, 1937; Adams and Sax- 
DIEORD, 1941). They consider that the hydrogen experiments 
carried out by Grollman et ai. show complete mixture later 
than is actually the case and refer to a work on the rebreaf iD; 
procedure by Gladstone and Hack (1935). These authors in 
a progressive fall in the respiratory quotient during the re re 
ing xvith a rise in volume during the first three breaths an 
progressive fall thereafter, and emphasize the 
any mixing criteria which are based on percentage , 

of an inert gas without due consideration to 
changes in total volume. As opposed to these au 
(1937) considers that the circumstances in hydrogen 
in which the volume of gas is more constant, are tar 

able for complete mixture than y,. and 

in which the acetylene quantity diminishes consi ® 
that mixture in hydrogen experiments does no 
guarantee mixture in acetylene experiments. 
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McMichael^ (1937) recommends to make breathing less cleen 
mtli a tidal air of only 1—1.5 litre, as is often necessary on-Z 
tients. In this way the acceleration of the circnlation will be L 
pronounced. - He finds several more good checks in the tW 
sample technique with, this alteration. He recommends samples 
to be taiken at the 4th; 6th and 7th or 8th respiration. In these 
circumstances it seems somewhat optimistic to expect complete 
mixture as soon as at the 4th respiration. Adams and Saxdifop.p 
(1941) recently published a modified method by which they 
take multiple samples, partly of “bag gas”, partly of “alveolar 
gas”, which was made possible by a flap valve between the bag 
and the sampling tube connexions at the mouthpiece. In deter- 
mining the arterio-venous difference from alveolar gas and hag 
gas samples, they think it is possible to identify the establish- 
ment of lung-bag equilibrium and the beginning of recirculation. 
They find that the time required to achieve lung-bag equili- 
brium and the time of the first appearance of recirculation are 
variable, but that they usually occur much earlier in the period 
of rebreathing than Grollman indicates. 


3) Analytical Errors. 

The ordinary Haldane gas analysis apparatus gives an ac- 
curacy of ± 0,02 — 0.03 %. A source of error in the analysis 
is that the acetylene is slightly soluble in the absorption liquid 
for carbon dioxide. By means of an absolutely uniform analysis 
technique this error can be kept so constant that it has no prac- 
tical influence on the magnitude of the acetylene difference and 
consequently not on the value of the arterio-venous ox)gen 
difference. MoMichael (1937), however, has been impressed by this 
analytic error. He points out that a greater quantity of acefcy mb 
should be dissolved at the beginning of an analytic series instead 
of later, as by that time the solution has become more saturated. 
In order to avoid this he has worked out a method of ana ysb 
using VAN Slyke’s manometric apparatus, which a so a ow 
of the analyses of higher acetylene concentrations, ce ) 
mixtures of such high percentages are used that the con 
in the samples are 12—15 % and the acetylene Mferenc , 
a 4 % instead of about 1 % as is the case %vith t e bol 
method. This is naturally a great advantage. Very ® 
tylene mixtures are, however, a disadvantage, as wi e 
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on discussed. This method lias undoubtedly its advantages, but 
it complicates the Avork of analysis. No other authors seem to' 
have made use of it cither. 


TIic Author’s Exiicricnccs Avith the 
Grollinan Method. 


As has been already said at the beginning of this Avorlc, Gimi.u- 
man’s three sample technique has been tried on cardiac ]iaticnts. 
The method lias also been adojitcd in .some series of cxjicriments 
on normal subjects but onlj'- with t.wo sanqdes as a rule. 

In some experiments on normal .subjects 3 samples have also 
been taken with a view to getting the question of recirculation 
further elucidated. From this material the values of the arterio- 
venous differences have been compared in two types of cxjieri- 
ments. In one tvjic sanqiles have been taken after G, 8 and t) 
respirations at about 18 — 21 — 27 seconds respectively, in the 
other group samples have been taken after G — 0 — 10 rcs]Mrations 
at about 18 — 27 — 30 seconds respectively. The subjects liavc 
been both healthy persons as well as patients with vitium org. 
cordis or hyjiertonia without insufficicnc}' .symjitoms, for whom 
the rebrcathing procedure has not caused any difficulties. Com- 
plete mi.xturc after G rc.spirations and 18 seconds may be said 
to have occurred. In every experiment the arterio-venous oxygen 
difference has been calculated partly from the samples after G and 
8 or 9 respirations, the 1st value, partly from sam2iles after 
G and 9 or 10 respirations respectively, the 2nd value. The differ- 
ence 2 — 1 in every experiment has been calculated and the 
differences Avorked out statistically. The result is to bo seen in 
table 1. 


Table 1. 

1st vnlucs 2nd values 

0. diff. G— 8 respirations O. diff. G— 9 rc.spirntions 

Mean uG.lO cc/1 57.00 cc/1 

n = 22 
8 subjects 

Ist values 2nd a’uIucs 

Oj diff. G— 9 respirations 0, diff. G— 10 respirations 

Mean G0.27 cc/1 G2.D2 co/1 

n = 30 
8 subjects 


Diff. 2-1 

-p O.flS co/1 
rt 0.951 

Diff. 2-1 

-P 2.05 
± 0.5S8 
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^ Thus It seems as if xecirculation iu normal subiects r 
importance up to an experiment time of about 27 .ccomi^‘ " 
the other hand it has begun to make its appearance ; ft tl,w 

It Z2 5 «r“" “ ““ “ artori„.vc„„„s 


As double determinations under standard conditions J.ave h.n 
consequently carried out, the standard deviation for a 
deternunation can be calculated by dividing the stand, u.] 
deviation of the differences in double determinations bv 
(Dahlberg, 1940). The standard deviation of the diffcrrac-'' 
Ua has been calculated according to the usual formula, natu- 
rally includes both normal physiological variations as veil 
those due to errors in method. The result ivill be seen from table i 


Table 2. 

Number of double determinations in healthy 

subjects 29 Difference II-I 

Mean of 58 single determinations 61.1-1 cc/1 Mean -f 0.50 re i 

i l.C( 
Cjj = i 7,'!.' 

Standard deviation of a single determination . . = ± 5.530 

Coefficient of variation 9,05 %. 

In patients with congestive heart failure the three samj! 
technique of the Groloian method has been tried. In fliv- 
cases the rebreathing procedure often involves great diffictilii ■ 
for the patients. In some cases it is quite impossible to c;ur> 
it out. Samples have usually been taken after about IS--'' 
seconds, 25 — 30 seconds and 30 — 35 seconds. The values wlu- 
lated from the 2nd and 3rd samples Inave liad to be reje- ij ' 
in most oases, the acetylene difference being considerably . 
1 %, this in spite of the fact that the acetylene 
in the mixture used had been raised to 30 a 35 %■ -4 m • 
increase means greater discomfort for the 
to over 50 % seems to be necessary (Nielskx 1937, i-CEi ^ 
1939). This does not seem to be entirely without risk, - ic--' 
having observed vomiting and a deterioration of cccomj)-n^ 
tion symptoms. If the values that are calculated ; 

1st and 2nd samples and between the 1st and 3r( arc , 
an idea can be formed as to the recirculation, but no ^ 
control can be ascertained that complete mixture 
achieved. Table 3. 
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. . Table 3. 

Grollman determinations in decompensated patients (three sample technique).* 

Value 1, calculated Value 2, calculated 
from 1st and 2nd from 1st and 3rd Difference II— I 
samples samples 

Art.-ven. O.diff. Art.-ven. O.diff. 

Mean 84.20 cc/1 SS.86 cc/1 + 4.06 ce/1 

n = 40 -• ±0.843 

ff = ± 5.329 

This significant difference will probably be regarded as being 
caused by recirculation, and in the majority of cases the time 
for the experiment should not be more than 30 seconds. 

That it has been possible to obtain constant values in spite 
of this fact will be seen from the following series of double de- 
terminations under standard conditions, 10 determinations on 
6 patients with congestive heart failure. Table 4. The mean of 
the values calculated between the 1st and 2nd and the 1st and 
3rd samples has been taken as the values of the arterio-venous 
difference in each particular experiment. 


Table 4. 

I values II values Difference II— I 

Moan n = 10 91.24 cc/1 91.52 ce/1 ± 0.28 co/1 

6 subjects ± 2.223 

ffd = ±.7.029 

Standard determination for a single determination. ~ ±4.970 cc/1 

Coefficient of variation: 5.45 %. 


When judging this low coefficient of variation, cf. 9.05 % 
of the normal material, it must be remembered that this ma- 
terial is to a certain extent selected, owing to the fact that the 
method has not been able to be carried out on a number of 
patients or if so, it has given such obviously erroneous results 
that they have been rejected and no further experiments have 
been made. Moreover, every value in this series is the average 
of two in accordance with the three sample technique. A partial 
explanation may be that the patients with an insufficiency of 
circulation have considerably smaller spontaneous variations than 
healthy people,- whose cardiac output in repose .is, however, 
somewhat labile. 

. * The primary material in. this table includes firstly double determinations 
under standard , conditions, secondly some single determinations and thirdly 
determinations 'under the influenrie of digitalis. This is the cause of the differmce 
in the mean values of the arterio -venous difference between table 3 and. the follow- 
fngL table: 41. yt 

3 — i3I28S 
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As it seemed desirable in-furtber experiments to shorten tt. 
tame to about 30 seconds, tbe author subsequently toot less I 
tween the 2nd and 3rd samples when applying the three saml 
chiuque. Two values of the arterior-venous difference wre 
calculated by the help of the 1st and 2nd as well as the 1st and 
3rd .value. In order to form an idea of the possibility of complete 
mixture, preparatory hydrogen experiments were made. Marshall 
and Geollsian (1928) and Grollmax, Friedman, Clark and 
Harrison (1933) made similar experiments ad modum Lunds- 
G.1ARD and SCHIERBECK (1923). When making use of this tech- 
nique, simultaneous samples axe taken during rebreathing at the 
end of the expiration of alveolar and bag air respectively. IVhen 
a positive difference is obtained between alveolar samples and 
bag samples, equilibrium is considered to be achieved in the 
lung-bag system. It seems more simple, and theoretically more 
acceptable to make use of the same technique as in the acetylene 
rebreatliing experiment. Samples are taken at the end of some 
successive expirations. lYhen equilibrium has been obtained, 
the hydi'ogcn percentage will be constant, if consideration is 
taken to the change of volume during the rebreathing procedure 
by means of correction with tbe help of the nitrogen concentra- 
tions. 'UTien analyzing it is only necessary to determine theH.- 
and ^--concentration, and therefore CO 2 and O 2 can very well he 
absorbed all at once in the alkaline hydrosulfit solution usedm 
the oxygen absorption. Some examples will be given. 

Nonnal subject (medical student, 21 years of age): 

Sample 1. 2. 

6th 22 seconds 7th 26 seconds 

* ■ ■ ; : : : 68.03 

B con.' ..... 8.U (corr. ad 3) 

8.09 (corr. ad 2/ 

Equilibrium has been obtained after 6 respirations of 17 secuJs 
respectively. 

, 0. J. $ 32 years of age. Vit. org. cordis incomp. 

Sample 1. 

■ TSSSi” 6a.22.e»..ds 7th25««.* 

dnn 8.09 

B,% ' (..Vj 68.05 

N 2 % 67.34 g ^^3 ad 1) 

Hs corr 



NORMAL AND PATHOLOGICAL LTMPHADENOGRAM. 445 

in some places other forms. The number of well preserved lympho- 
cytes and lymphoblasts is much smaller than in the normal lymph- 
adenogram. This is explained by the increased number of Gump- 
recht’s shadows. Reticulo-endotkelial cells were not observed, 
neither were granulocytes seen; some erythrocytes are present. 

Chronic myeloid leucemia. The erythrocytes when compared 
with a normal lymphadenogram show no differences. The granulo- 
blastic system: In all fields of vision there are several or so typical 
myeloblasts (Fig. 12), and somewhat, smaller proportion of meta- 
myeloblasts and promyelocytes, and still smaller number of neu- 
trophi myelocytes, metamyelocytes, stab cells and polymorphs. 
Only adult forms of oxyphil and basophil granulocytes were ob- 
served. The majority of the cells were well preserved, the rest 
however showed the cytoplasm to be more or less damaged with 
partial and even complete separation from the nucleus. From 
these separated parts the basophil fragments of cytoplasm arise. 
They are usually spherical, of different size, from that of normo- 
cyte to small round granules, which at times fill the entire field of 
vision. The nuclei deprived of cytoplasm imdergo disintegration 
giving origin to G-umprecMs shadows. Lymphocytes are less numer- 
ous than in a normal gland and typical lymphoblasts only excep- 
tionally were observed. Typical reticular cells appear as a rule in 
the same proportion as in normal lymphadenogram. Many cells 
in apparent transition from reticular cells to myeloblasts were 
observed. Plasma cells were scarce. 

Acute myeloid leucemia. On examining the smears from enlarged 
cervical glands the following was confirmed: In the erythroblastic 
system scanty nucleated red cells and a few erythrocytes with 
fairly marked aniso- and poildlocytosis were seen. Lymphocytes 
and lymphoblasts were far less numerous than in normal lymph- 
adenogram. In the granuloblastic system there were many typical 
myeloblasts (Fig. 13), often showing signs of degeneration and 
disintegration with development of Gumprecht’s shadows. There 
were no more differentiated forms — from metamyeloblasts to 
adult granulocytes. A few cells with the characteristics of reticular 
cells were seen; their structure is on the whole similar to that of 
myeloblasts, but they are a little larger. 

Our material, though it is very modest, allows us to draw the 
following conclusions concerning the value of the lymphadenogram 
in diagnosis of leucemia: The lymphadenogram in the course of 
chronic lymphatic leucemia, in leucemic as well as in aleucemic 
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of fl,e s«::: oT '4^1: 

Wms bag arough a valved apparatus a coasS^s 
1 ^h/° f ^ acetylene as a test mixture. When 

k f^o been formed, a sample 

IS taken of tlie esrpiratron air at tbe end of one of several exniL 

tions TJianks to tlie normal respiration, an increase in cireuktion 
resulting from liyiier ventilation as in tbe rebreatbing procedure 
IS avoided. This explains wby tbe time for tbe experiment can be 
prolonged to about 50 seconds in normal subjects before the 
recirculation begins to be upsetting. 

Tlie arterio-venous oxygen difference is then calculated from 
samples of tbe inspiration as well as tbe expiration air according 
to LiNDnARc’s (1923) formula. Tbe percentage in tbe sample 
tnken at tbe end of a normal expiration is selected as the value 
of the alveolar mean concentration for tbe acetylene. 

In order to bring about equilibrium within a reasonable time, 
tbe subject must first inhale from a small bag a suitable quantity 
of a considerably stronger acetylene mixture, tbe primary mixture, 
after which tbe test mixture is turned on. Suitable quantities of 
the primary mixture of an appropriate strength are tested in a 
preparatory experiment with corresponding gas mixtures contain- 
ing h)’’drogen instead of acetylene. IrVben equibbrium takes place 
the hydrogen concentration will be tbe same in tbe inspiration 
and expiration air, if correction is made for tbe change of volume 
with the help of tbe nitrogen concentrations. 

ISfiELSEN Ivceps tbe primary mixture constant with 20 % ace- 
tylene in bis first experiments and varies tbe test mixture. It is 
more practical however, to reverse tbe order. 

Tbe oxygen percentage in all gas mixtures should be kept a 
21 % as in normal air, thus facibtatmg tbe estabbsbmen o 
equilibrium, and in addition to this tbe oxypn tension a 
to the alveoli dmtog the test will be the usual one ^ 

With the Geollmm method the OEygeu teMon vmes gft 

test, and it is a mere chance if the mean eonoeutrabou is tie 
one for the subject. This is a source of error wor y 
cases of reduced arterial oxygen s^uratiou, ^ ^ 

out. by Homt#:OroiSTl!NS« andH. E. UmsuN (1936) . 
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Nielsen considers it advisable to take a continuous sample for 
35-45 seconds after tbe subject bas begun to breatbe acetylene, 
as be bas found agreement between the value of the arterio-venous 
difference calculated with this sample and tbe niean of tbe values 
calculated of several momentary samples taken in tbe same space 

of time. , , . 7 

' In a series of experiments on 5 different normal subjects, where 

tbe open system according to Nielsen and the Grollsian method 
have been adopted simultaneously, Nielsen finds good agreement 
between the two different methods, as well as less spreading with 
the open system. 

Nielsen has had difficulties with cardiac patients when making 
use of strong primary mixtures. Consequently he has used an ace- 
tylene concentration of oidy 14 % in these cases. In order to bring 
about equilibrium in such circumstances, he has worked out 
complicated processes with hyperventilation and pauses in respi- 
ration, which have largely eliminated the advantages of the meth- 
od. As only technique with normal respiration has been made 
use of in this work, these modifications will not be discussed 
further. 

Espersen (1939, 1940, 1941) used a somewhat modified form of 
Nielsen’s method when examining cardiac patients. lie finds no 
particular difficulties when using acetylene concentrations uj) to 
30 — 40 % in the primary mixture and has given up the hyper- 
ventilation modifications. He makes use of a complicated tcclini- 
que, for besides taldng samples at the cud of a normal expiration, 
he also collects the expiration air in a rubber bag during some 
respirations. He calculates the arterio-venous oxygen difference 
partly with tbe help of samples of the mixed expiration air when 
the acetylene percentage at tbe end of normal expiration is taken 
as a mean concentration, and partlj’- onlj’- with the sample at the 
end of normal expiration. In some experiments the acetylene 
percentage at the end of a deep expiration has also been used as 
the value of tbe mean concentration. Einall}'- bj’- determining the 
time for the collection of the expiration air and its volume, be has 
calculated the cardiac output direct. This technique is unneces- 
sarily complicated, nor does it seem to possess any particular ad- 
vantages, and introduces, moreover, further possibilities of error, 
e. g. in the determination of time and volume during so short a 
test as this concerns, and in the manipulation of the rubber ba" 
used when collecting the expiration air. 
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TI.oA«W.sMo<nficatio„s„fth« 

Aielsen Method. 

Tiio aj.pnratiis is in acrroement xdtl, . • . 

«'>'! "ill 1,0 soon in fig. 1 db" 3 ““i t,, 

nlHint ion liter canaritv nn,j « . ■ , Douglas ba.^ of 

S -oiyiono % oCrS 

“'"■•"'""S " smt«i,lc primary mix-ta™264r«/ 

21 oxyjron. '"^ture, ^o-SO % acetylene and 



ri?r. 1. Th<’ ajipamtti? for detennining tlic arterio-vcnons oxygon difference 
according to the Nielsen method. 


Till' gas ini.xture.': were prepared in tlic following manner. The primary 
ini.vtnre.’j, only . 1 : 11101 ! quantities of which are required, were prepared 
in a graduated mi.x'iiig spirometer of 10 liter capacity, the liquid of 
which wn.s made up of thin oil. First of all a suitable quantity of ace- 
tylene was measured out, usually from 2.s — 3.3 liter, oxygen corres- 
ponding to ‘/j of this quantity and air ad 9 liter. The analysis of the 
prinmry mixture is unnecc.'Jsnry, sufficiently constant gas mixture 
being obtnineil by ahvay.s carrying on in exactly the same manner 
Tlie jirinmrv mixtiire.s are suitably kept in small rubber bags of 10— - 
liter. I'or t'lic test mixture, first 7 liter acetylene were measured m the 
mi.xing .spirometer and 2.3 liter oxygen xvere then added, after vrtoch 
these quantities were transferred to the well emptied Douglas V 
Then CO liter air was measured in a big spirometer, and was also 
transferred to the Douglas bag. The gases were then thoroughly mixe 
l)y beating and knocking tlie bag about. The gas rauxtures were treshj 
jircparcd every day that c.xiierimcnts were made, as it was loun 
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bv keeping tbc test mixture in tlic bnp for 24 hours the ncctylcnc per- 
centagLnnk from c. 8 % to c. 7 %. In order to sunjMy matters the 
deed space in the mixing spirometer and the bag uns always filled with 
air when the gas mixtures were being prepared. 


The bags are connected by n four-wny code C with ft vnlvcd 
apparatus'' Y (of the Lov£k type) with ft nionlhpiece .so that 
the inspiration side of tlic valve enn be connected eitlicr to the 
free air, to KB or to DB. In a T l.nbc (T) there is jilnood a 
capillary glass tube of c. 0.8 inin inner dinineter, through which the 
samples are taken. The capillary glass tube is conneefod with 3 
evacuated sample tubes by means of a capillary rubber tube. 
This latter tube is always kept closed by 2 cli])s, one at each end, 
except when the samples arc being tnken. As these vary but little 
in their composition, the dead .sjiacc of the tnlie is filled with gas 
of almost the same composition ns the samples; the. effect of the 
dead space of the tube is thus practically eliminated. A Boiighis 
bag can be attached to the rubber tube U by a Ibree-wny cock to 
collect the expiration air during the breatbing. The determination 
of the o.xygcn consumption is most suitably carried out according 
to the Dougras’ (1011) hag niolhod, which only entails .slight 
breathing resistance. At fir.st a Kiuxni’s .spirometer was used 
instead, but its re.sistauce caused discomfort to some dyspnoic 
patients. 

Tlie valve V is an ordinary JjOv£x valve with membranes of 
gold beater’s skin. The modern tyi)cs with rubber membranes offer 
very little breathing rc.sistance, it is true, but they arc misuilnblo, 
as they do not remain air-tight nt the slight additional pre.ssnro in 
the Dougra.s hag (c. 2 mm H.O). There is a small thin rubber 
bladder B on the valve connected with the lumen, by means of 
which the different phases in the breathing can be easily followed. 

The determination of the arterio-venous n.vvgen difference is 
carried out in the following manner. The subject, after being con- 
nected with the apparatus and provided rvith nose clips, breat hes 
with normal respiration from outside air through C and into the 
open air through the rubber tube K. The dead sjuvccs bct.woon the 
bags and the four-way code were previously filled with tlie gas 
mixtures. During an expiration the subject is first connected with 
RB which contains the stronger primary mixture. A control 
clock is started at the beginning of tlic first acetylene inspiration 
After a suitable number of respirations, DB is connected with 
the test mixture also during an expiration, and the respiration 
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poccecls. After about 35 seconds a sample is' takeii of tbe expiration 
air Ut tlie close of an expiration, anotlier 2 samples being taken 
after about 40 — 45 and 45—50 seconds respectively. Tke sampling 
can be continued, wliicli -will most often be necessary, after tke 
beginning of tlie following inspiration. A sample is also taken of 
tbc test mixture. Three values of tlie arterio-venous oxygen 
difference can then be calculated according to Lindhard’s' for- 
mula (cf. formula of Grollmax’s method p. 11); . , ' . 


0. iiiRp. 


C.H; jnsp. 


X; exp. 

X; insp. 


— 0. csp. 


— C.H. exp. 


X C.H. exp. X (B-48.1) x 0.00974.= 
= Art.-ven. 0, d'lf- 


At first ])repnratory hydrogen tests were used in exactly tke 
same manner in order to determine the suitable strength and 
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deteimmations ontlie same subject in several tests there were .often 
lower values than were expected in the arterio-venous difference.; 
There was then a clearly rising tendency in the values calculated 
in the various samples, and the acetylene concentration also shovred 
a rising tendency, in spite of close agreement in the carbon dioxide 
concentration. The quantity of primary mixture had apparently, 
been too small to achieve equilibrium. ; 

: It seems fairly natural that the quantity of primary mixture 
giving equilibrium in the hydrogen easily becomes too small in 
the acetylene experiment, for in this case a considerable acet3dene 
absorption takes place. Espersen also states that in his hydrogen 
experiments he has endeavoured to obtain a somewhat, higher 
hydrogen percentage in the lungs than the concentration corrected 
in the test mixture. Taking into consideration, , moreover, that 
the strong mixture is somewhat unpleasant and that the subject 
is inclined to counteract it by respiring less deeply, it further 
emphasizes the uncertainty of presuming equilibrium in acetylene 
experiments, simply on account of its having been achieved in an 
earlier corresponding hydrogen experiment, as both authors, 
Nielsen and Espersen, having made use of Nielsen’.s method, 
have done. 

Based on these view points the author has considered it neces- 
sary to take several samples in every experiment in order to be 
convinced that equilibrium has really been achieved. As the 
conditions illustrated in fig. 2 concerning the arterio-venous O2 
difference also apply to the acetylene concentration, it is possible 
to judge the experiment from the equilibrium view point from 
the analytical figures direct. When equilibrium has been estab- 
lished constant values of the acetylene percentage in the 
samples are all but obtained, provided that they have been taken 
during the same phase of the expirations. Should this not be the 
case, there will be a change in the concentration of all the gases, 
chiefly due to the more or less complete washing out of the dead 
space, as well as variations in time for the exchange of gases. 
Then the acetylene and the oxygen concentrations are changed 
to the same direction, the carbon dioxide taldng an opposite one, 
this making it possible to judge whether equilibrium exists. If 
so, the relation between the oxygen and the acetylene absorp- 
tion m the formula is not changed, and variations in the value of 
the arterio-venous difference will be largely adjusted, if the same 
value of the acetylene. mean concentration, is inserted in; the forr 
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malyscs Imvc Ijeen oarrM out. Tiis'-Jll be sSfitfe'’/ 

.«g the cxporimcnt fro. tbe 

.save the time-wasting process of osygen aLlysis. In this 
more important errors due to failing equilibrium can be erchS 
A couple of examples uill illustrate tlie procedure. 

The analytical values in a determination on a decompensated 
patient under standard conditions were as follows: 


Test nii.'cturc' 

CO. 
0.25 % 

C,H. 

8.45% 

0. 

20.81 % 

Art.ven. 0, diff. 

Sample 1 

... 3.59 

6.30 

16.89 

84.5 co/l 

» 2 

, . . 3.55 : 

• '6.GG 

16.97 


» 3 

. . . 3.GC 

6.G1 

16.87 

101,9 1 


In snmjilc 1 equilibrium was evidently not achieved, the acetylene 
percentage still clearly showing a rising tendency. In samples 
2 and 3, however, equilibrium probably exists. The values of the 
nrlcrio- venous oxygen difference, moreover, are in agreement. 
As has been prexdously mentioned (page 24), this is calculated 
fronr the sample of the inspiration air as well as one of the expira- 
tion. Tliree values can thus be calculated, if 3 samples are talcen 
of the expiration air. In a sample taken 30 mins, earlier on the 
same jiaticiit the figures were. 


Sample 1 

f 2 

p 3 


CO. 

C,H.. 

0. 

Art.ven. 0. diff. 

3.10 % 

6.30 % 

17.12 % 

80.4 

3.72 

6.52 

16.57 

ISn cc/1 

3.59 

6.07 

16.75 

108.3| 


Equilibrium seems quite probable in samples 2 and 3, in any case 
there can be no question of any considerable error. Compare . 

A^tetomblation of a’ patient with Y.O.C. without signs of 
insufficiency: ,We.vu. o, diff. 


C,H: 

5.30 % 
5.17 
5.22 


0. 

16.22 % 57.5 cc/I 
16.32 57.4 

16.3S 58.0 


■57.6 c# 


Saniplo 1 4.30 % 

. 4.90 

« 4.9S 
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In tins experiment equilibrium was achieved in all the samples. 
In another determination in the same subject 30 mins, later and 
still under standard conditions the result was as follows: 


Sample 1 
» 2 
» 3 


CO. 

Cjir. 

0= 

Art.vcn. 0. diff. 

5.01 % 

4.15 % 

15.n % 

44.0 co/1 

5.32 

4.20 

14.S1 

47.-1 

5.35 

4.3S 

1-1.89 

50.9 


Equilibrium was evidently not achieved in samples 1 and 2 
although it cannot he excluded in the last one. Compare value 
57.6 cc in previous determination. 

In most cases it has not been possible to bring about equilibrium 
in the very first sample. Attempts to achieve it by a further in- 
crease in the dose of primary mixture have often resulted in 
•obvious overdosing, with falling acetylene concentrations, ns well 
as too high but falling values of the arterio-venous oxygen differ- 
ence. It seems advisable not to expect equilibrium until after about 
iO seconds in patients with congestive heart failure. Consequently 
in this investigation the average of the values calculated with 
the help of the 2nd and 3rd samples, taken at 40 — 15 and 40 — 50 
seconds respectively, has been used as the value of the arterio- 
venous oxygen difference obtained in the respective determina- 
tions. The 3rd sample has occasionally been extended to 55 se- 
conds at most. During the latter part of the investigation it was 
often only the last two samples that were analyzed, although 
three were always taken. 

By means of this technique even values and good agreement 
have been obtained in double determinations. The statistical 
treatment of all double determinations under standard conditions 
gave the following result. (Table 5.) 


Tabic o. 

Double (icierminaiions of the arlerio-rcnous onjgen difference 
of decompensated patients under standard conditions. 


Vnliics I Vniuea II 

97.-10 cc/1 5)8.90 co/1 

n= 46 

Mean of I and II gS.!.--. cc/1 

Standard deviation of a single detcrminnlion 

Variation coefficient: 5.71 %. 


Difference II— I 
+ 1-50 ± l.lfiO ce/1 


O’.! = ± 7.92.7 


3 

1'2 


— ± 5.C01 cc/1 
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Table G. 

., Comparison between the values of the arterio-venous difference 
calculated from the 2nd sample (about 40 seconds), 

. , and the 3rd sample (about 50 seconds'). 


2nd sample 3rd sample 

- 95.58 cc/1 95.23 cc/1 

, ni= 197 . 

Mean of 2 and 3 95.11 

Standard deviation of a single sample determination .... 
Variation coefficient: 3.42 %. 


Difference 2-3 
+ 0.35 ± 0.32S 
= i 4.C00 

= ± 3-259 eel 


From, table 6 it will be seen that no difference has been proved 
between the values calculated with tbe belp of 2nd and 3rd samples 
respectively. Thus no influence of failing equilibrium and recir- 
culation can be traced in tbe material. 

It seems probable that tbe above standard deviation must 
mainly be attributed to the method, as it is hardly likely tliat 
changes could take place in the subject in so short a time. The 
variation in table 5, on the other hand, includes both the variation 
of the method and the physiological variation of the subject. 
Under these assumptions this la st variati on may be calculated 

according to the formula: 01 = ^01 — 

Ui = ± 4.559 cc/1. 

Variation coefficient 4.65 %. 


Soui’ces of En’or. 

The recirculation and the failing equiUbrium bav-e 
discussed. The analytical errors are of very little ^ ^ 

both the acetylene and the oxygen differences ^ 
several percentages. The acetylene absorp mn 
■solution used for carbon dioxide absorption ^ ^ith 

values somewhat too low. When analyzing the test mixtux 


29 


THE CiVRDElC OUTPUT IN CONGESTIVE IIE.VRT FAILURE. 

c 8 , %^Tcetyleue, tlie values of the COj percentage have been 
round 0.25 %. The acetylene absorbed will be estimated at 0.20 %. 
The acetylene percentage in the samples of the expiration air can 
be presumed to be c. 0.10 % too low. These errors counteract each 
other in the equation and have practically no influence on the 
value of the arterio-venous oxj^gen difference. 

The effect of the dead space forms an important source of error. 
The acetylene percentage in a sample taken at tlie end of the 
expiration has been chosen as tlie value of the alveolar mean 
concentration when calculating the arterio-venous oxygen differ- 
ence. To justify this there must be so great a depth of respiration 
that the dead space is washed through. In the event of insuffi- 
cient depth of respiration, tlio acetylene percentage in the samples 
at the end of the expiration will be higher than the real alveolar 
mean concentration. The value of the arterio-venous oxygen 
difference will then be too high. The relation between the oxygen 
and the acetylene absoriitions varies, on the other hand, only 
little in the course of a normal expiration (Nielsen 1937, Nsper- 
SEN 1939). The dead space in the apparatus used from the mouth- 
piece to the place where the sample was taken is 105 cc. The dead 
space in the subjects themselves certainly varies rather consider- 
ably, but may probably be estimated at 90 — 120 cc (Sieheck 
1911, Krogh and Lindhard 1913, 1917), If a volume 3 times 
as great as that of the dead space (this will be somewliat exag- 
gerated) is required to completely wash it out, then at least GOO cc 
depth of respiration would be required to obtain the correct 
values. The error will be all but eliminated at about 500 cc depth 
of respiration. Espersen, in whose apparatus the dead space 
“from the valve to the place where the sample was taken” was 
80 cc, considers that the error vdll seldom be greater than 10 %, 
and that certain cardiac patients in particular would have a 
tendency for too superficial breathing. The author’s impression 
is that decompensated patients usually have sufficieutlj^ great 
depth of respiration on account of their dyspnea, wliile subjects 
without cardiac insufficiency often have more superficial breath- 
ing. Some subjects showed a tendency to'inore superficial breath- 
ing than normally during the actual acctjdene respiration. "When 
making parallel experiments on normal subjects with the Groll- 
MAN and the Nielsen techniques, the author obtained "ood 
agreement at first between the results of the two methods,'just 
as Nielsen had done, but later on, however, -the Nielsen values- 
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calculated with the help of the sample at the end of deep eW 
tlon, are lower than the others, but often higher too. t 4 teler 
fact might be explained by the patient just taking a deeper in- 
spiration before the deep expiration. This modification will not 
be a generally practicable manner, but when able to be carried 
out, however, it gives very good results, as wiU be seen from the 
following example from a compensated hypertonic patient: 

COj GnH; Oa Ait.ven. 0, diff. 

Sample 2 normal expiration 4.80 % 5.33 % 16.li % 70.5 cc/i 

» 3 deep » 5.53 % 4.64 % 14.92 % 61.1 co/I 


If the arterio-venous oxygen difference from sample 2 is cal- 
culated with 4.64 as the value of the acetylene mean concentra- 
tion instead of 5.23, the value of the arterio-venous Og difference 
will be 61.3 cc/I. Equilibrium thus exists. Parallel GBonwiAN 
determinations gave the following values: 69.6 cc/J; 58.6 ccjl; 
60.1 ccjl. Average: 69.4 ce/I. • 



the cardiac output in congestive heart failure. si 

The author has, moreover, endeavoured to reduce the dead 
space, as far as is practically possible, by tahing one or all the 
samples in the mouth on the conclusion of the expiration, by 
means of a test tube in the valve lengthened with a little capillary 
rubber tubing. When taldng similar samples in the mouth with 
evacuated sample tubes, a systematic error may be imagined to 
exist on account of air being sucked in from the inspiration side 
of the valve. That this is not the case will be shown in the fol- 
lowing experiment. A series of mouth samples were taken while 
breathing air at the end of expiration, firstly in evacuated sample 
tubes and secondly as fractioned samples in non-evacuated 
sample tubes. The carbon dioxide values in 6 fractioned samples 
were in the mean 6.04 ± 0.03 %, in 6 samples in evacuated sample 
tubes 5.09 ± 0.04 %, thus no difference (0.05 ± 0.05 %) that 
can be proved. Should room air be admixed, the carbon dioxide 
percentage must be lower in samples taken in evacuated sample 
tubes. Even with this technique, however, it is not always pos- 
sible to get down the values of the arterio-venous difference to 
those obtained in simultaneous Grollman determinations, besides 
which it is often difficult to have time to get sufficient quantities 
of samples. This method is not altogether satisfactory either. 


Modification Arfitii GOO ec Depth of Respiration. 

In consequence of the experiences above described, the author 
has finally modified the E. Nielsen method in the following 
manner. The principle has been to assure a sufficiently great 
depth of respiration. The apparatus will be seen in fig. 3. Nos. 1, 
2 and 3 are 3 spirometers with a capacity of about 20 liter, graduat- 
ed in portions of 600 cc. They are each attached by means of 
rubber tubings to the four-way cock, C. L is a lever with which 
the 3 conveying rubber tubings can be simultaneously completely 
pressed together. The spirometers 2 and 3 contain the primary 
and the test mixtures respectively, and replace the rubber bag 
and the Douglas bag in earlier apparatus. Spirometer 3 is fur- 
nished with a motor fan, and this produces homogeneous gas 
mixture previous to the experiment. Spirometer 1 contains air. 

When determining the arterio-venous difference the patient is 
instructed to inspire somewhat mote deeply than usual till he no- 
tices resistance, when he changes over to expiration, apart from 
this breathing is as usual. An assistant follows the volume in- 
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Fig. 3. Apparatus for tlie modified Nielsen method 
with 600 cc depth of respiration. 


tions are made, after this inspirations are continued from spiro- 
meter 3 with the test mixture. The samples are taken according 
to the technique already described. 

The advantages of this technique are obvious. The influence 
of the dead space is eliminated, as well as variations in the depth 
of respiration. There is no need to vary the primary mixture so 
much as before. It is sufficient to use 2 inspirations of primary 
mixture, and the right strength can generally be chosen after 

one preliminary experiment. _ . 

• The drawbacks are, firstly more co-operation is require o 
the subject, secondly an assistant is required to measure the m 

i§pired volumes- ' This latter ' inconvenience can- be- overcome by 

means of an automatic clip -arrangement, which is to be con 
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structed. So far tlie method has been adopted for 2 decompen- 
sated patients as well as for a number of normal subjects, and it 
has not been difficult to teach the patients to breathe in the 
way required. There can be no talk of any hyperventilation 
which can increase the circulation, as the time for the test on 
normal subjects can be extended to 55 60 seconds without 
any noticeable rise in the values of the arterio-venous oxygen 
difference. 

When comparing the Grolljian method with this modified 
E. WiELSEN method in normal subjects, dcteianinations under 
standard conditions being made in close connexion wdth each 
other, the following results were obtained (Table 7). 


Art.ven. 0. diff. 
according to 
Geoli-max 

Mean,' 58.05 oo/l 
± 2.096 

n = 15 


Tabic 7. 

Art.ven. 0. diff. 
according to 
E. Nielsen 600 cc mod. 

57.95 cc/1 
4- l.Oit 


Differcnco 

GnoLLMAN— E. Nielsen 

-j- 1.00 cc/1 
± 2.000 


Thus no difference is observed in the values according to the 
Gkollman and the modified E. Nielsen method. As it must be 
considered an accomplished fact that the Grollman method 
gives correct values in healthy subjects, the above conqiarison 
shows that really correct values are obtained by this modified 
E. Nielsen method. 

Statistical treatment of double determinations under standard 
conditions on normal subjects in the same way as before gave 
the following results (Table 8). 


Mean . . 
n = 16 


Table 8. 
I v.alucs 
03,64 cc/1 


Standard deviation of a single determination 
Moan of 1 and II values: 63.31 cc/1 
Variation coefficient: 4.74 %. 


If values Difference! — II 

62.98 eo/1 — 0.60 co/1 
± 1.069 
"■,1 = ± 1-2 L'l cc/1 
n't = ± 3.000 cc/1 


A source of error may be found to exist in the subject’s man- 
ner of breathing. On two healthy subjects suspiciously hivb 
values were obtained in the arterio-venous oxygen differonS;, 
while the Grolljun values were about the normal. It proved 

3~43i2S5 
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fference. In one of the cases it was possible to repeat the eine- 
nments, and the subject was made to respire more rapidly ivith- 
out any pause in the expiration. Now the values were notma!. 
ine values in the latter case will be given (Table 9), 


Table b. 


Determinations of the arterio-venous 0-i difference under standard 
conditions with and without pause after expiration, 


E, 

. N. 

mod. GOO cc 

Gbolwias 

a) with slow respiration and a pause after 



expiration 

I 

73.4 cc/1 

59.2 co/i 


II 

83.1 

58.8 

b) with mote frequent respiration and without 




any pause in the expiration 

I 

53.0 

61.5 


II 

65.0 

47.2 

c) with more frequent respiration and without 




any pause in the expiration a day or two later 

I 

62.1 

49.3 


II 

65.0 

57.3 


Attention must be directed to this source of error, which seems 
to be relatively rare and easy to adjust. AVith dyspnoic patients 
there will be no risk of it being of any importance. 

A metronome might sometimes prove a help when regulating 
the breathing. It is, however, a drawback, if the subject niust 
concentrate on two things, firstly keeping a certain 
breathing, and secondly inspiring the volume measured. Hither o 
it has proved quite satisfactory to let the subject determm 
pace. Continued experience on this point is to be awaited. 


Other Methods. 

The deteimimtion of mjgm 

.rt iu the determination of the p . i' ace 

terio-venous oxygen difference that f “Wh di- 

lene experiment, and the maincc. 

ling oxygen consumption b} in 
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During tlie first part of these inA^estigations oxygen consump- 
tion Avas determined by means of a Krogh spirometer. In this 
apparatus the breathing resistance Avas sometimes troublesome 
for dyspnoic patients, .besides Avhich the curAms Avere not alAA'ays 
so eA’’en as Avere desirable. The measurement of the curA’’es took 
place Avith an accuracy of V= mm. An uncertainty of 1 mm Avill 
often haA^e to be calculated Avitli, Avliich on a curAm corresponding 
to 5 min. makes c. S cc oxygen pr. min. 

Another disadAmntage Avith the spirometer method is that the 
ahmolar oxygen tension is higher than in normal breathing. The 
oxygen percentage in ahmolar samples under spirometer breath- 
ing seems as a rule to be about 35 %, according to Avhat the 
author has found AA’hen talcing odd samples. If a considerable 
arterial ox^’^gen unsaturation exists, the oxygen absorption under 
spirometer breathing maj’- be greater than AA'hen the subject 
breathes under ordinaiy conditions. Generally speaking there 
does not seem to be any considerable degree of nnsaturation in 
the case of congestiA^e heart failure. Bluhm (1912) found an 
aA^erage saturation of 91 % in such cases. The effect of these 
conditions may, moreoA^er, be considered relatiAmly constant 
during the 2 — ij hours that the test in question took, and arc in 
consequence of no importance Avhen determining the changes. 

The author subsequently passed on to the bag method intro- 
duced by Douglas (1911). When adopting this method, the ex- 
piration air is collected into a Douglas bag during a certain 
period of time, the composition of the mixed exjnration air is 
determined and the Amluine of the air expired is measured. The 
same oxygen tension exists in the ahmoli in this method as in 
ordinary breathing. It also alloA\’s of the calculation of the res- 
piratory quotient, Arhich is obtained by diAuding the carbon 
dioxide difference b)’’ the oxygen difference. 

The A'olume of the expiration air collected in the Douglas 
bag Avas measured in such a manner that, Avhen its contents had 
been thoroughly mixed by being knocked and banged about, 
the bag Aias emptied through a gas meter as CAmnly and com- 
pletely as possible. To make sure, 2 samples haA'e been taken 
from different portions each time the bag Avas emptied, and these 
Avere analyzed independently. There Avas good agreement as a 
rule, though not ahvays, Avhich indicates that the mixing Avas then 
not sufficiently complete. Tayo Amines of the oxygen consump- 
tion Avere calculated in cAmry determination and lienceforAA-ard 
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Table 10. 

I II Difference II-I 

‘ j,'“'^’.jp 2-M.5 ce/miti. 21S. r cc/miii. + 4.2 ± 1.42 cc/mm. 

O’,] = i 8.90 

riuis n statistically significant increase (2.96 x standard 
orror) aniountiiig to 1.7 % is to be found from the value I to 
If. Tiii.s sliglit increase, liowever, may be ignored. If the stand- 
ard deviation of a single determination is calculated in agree- 
ment uith this by the division of the standard de’viation of the 
(liffercncc.s •with )'2, the following result is obtained; 

= i ^-33 cc/min. 

The variation coefficient: 2.56 %. 

Tin’s is naturally an approximate value and is somewhat too 
liigli, as the variation which is the result of the slight increase 
from value I to value II is included in it. 

If 8 earlier double determinations according to the Kkogh 
metliocl are included, in wliich there is no statistical difference, 
a slight statistically significant increase from value I to value II 
of y..5 1.G.9 cc/min. making 2.2 % is found. Even this differ- 

ence will be considered negligible. 

If all the values of the cardiac output in doable determinations 
under standard conditions of decompensated patients are exam- 
ined, the following result is obtained (table 11). There is r 
difference between the I and the II values. 
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the caediac output in congestive heart failure. 

Tabell II. 

The cardiac output of decompensated patients, double determinations 
under standard conditions. 

I values II values Difference II — I 

. . . 2.5S5 1/min. 2.029 1/min. + O.OiS 1/min. 

n.4G' 

= ± 0.2153 

Standard cle\'iation of a single determination . . . . <r^=± 0.1522 

Variation coefficient 5.84 %. 

The heart rale has been determined by fixing the time for a 
suitable number of pulsations, usually between 40 and 60, by 
means of a control clock. In cases with pulse deficit, the heart 
beats were counted with the help of auscultation. The strohe 
volume is obtained by dividing the cardiac output by the heart 
rate. In table 12 the values of the stroke volume in double de- 
terminations have been registered. No difference has been found 
here either between the I and the II values. 

Table 12. 

The strohe volume of decompensated patients, double determinations 
under standard conditions. 


I values II values Difference II— I 

Mean 36.15 co 36.39 -f 0.25 co 

n = 44 ± 0.540 

<Tg = ± 3.G19 cc 


Standard deviation of a single determination — ±: 2.559 

Variation coefficient 7.05 %. 

As already mentioned, the values of the arterio-venous oxygen 
difference and consequently of the cardiac output and the stroke 
volume cannot be regarded as absolute. Even making allow- 
ance for this, the average cardiac output in the cases with 
congestive heart failure is considerably lower than in normal 
cases. The average values are probably less than 10 % too low. 
The average for the heart index, i. e. the cardiac output per m- 
body surface was 1.5, whereas the normal range according to 
Geollman (1932) is 2.2 ^ 0.2. As there is often an increase in the 
standard metabolism in congestive heart failure, average standard 
metabolism in this material being -f- 21 %, the value of the 
arterio-venous oxygen difference gives a better comprehension 
of the magnitude of the blood stream. Geollman gives a normal 
range of 55—67 cc/1. The average for the cases of congestive 
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lieart failure is considerably liiglier tbon ^ 
figure, 98 cc/1 may be 10 % too high. ^ 

Tho blood pressure was measured by means of r 
b cod „ cuff uutlr a metal manometer, auscufc 
. sod. The reading was taken with an accuracy of 5 mm H<r° 
The manometer was controlled by comparing it with a methyl’ 
iodide manometer according to Liljestrand and Zander (1928) 


Clinical Examination of Patients. 

The examination of patients included an ordinary physical 
and a roentgenological examination, an electro-cardiogram, the 
determination of venous pressure and circulation time. 

The roentgenological examination was made by the meth- 
od adopted at the Serafimer Hospital since 1935, and vhich 
was described by Liljestraxd, Lysholm, Nylin and Zach- 
RISSON (1939) and by Jonsell (1939). The heart volume is cal- 
culated with the help of roentgenograms in two planes at right 
angles. The calculation is based on Rohrer and Kahlstoep's 
formula. The heart volume is related to the body surface, as 
introduced by Lysholm, Nylin and Quarna in 1934, The nor- 
mal heart volume seems to vary between 250 and 490 cc pr. 
square meter of body surface, in the majority of normal people 
this figure lies between 300 and 400 cc pr. sq. m. Variations of 
less than 50 cc cannot be determined by this method. 

The venous pressure was estimated in the direct bloody manner 
with the help of a vertical glass tube in which the blood rises 
with no additional fluid, as has been described by Tayler, 
Thomas and Schleiter (1930), According to these authors, 
normal venous pressure varies between 4 and 10 cm. The in- 
strument, described by Cohen (1936), was used. The apparatus 
was moistened with heparine solution to prevent coagulation. 
Cohen gives a normal range of 6 — 12 cm for the venous pressure^ 

The circulation time was determined by the decholm metho 
introduced by Winternitz, Deutsgh and Brull (1931). According 
to these authors, the normal circulation time from arm to tongue 
is 8—14 seconds. Tarr, Orpenheimee and Sager (1933) giv 
10—16 seconds as the normal values with a mean value o 
seconds, Nylin and hlALMSXROM (1942) 8-21 seconds, mean value 

13 seconds. 
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General Conditions of the Experiments. 

The subjects were previously trained in and got accustomed 
to the methods used in connexion with the preliminary experi- 
ments. All the examinations have been carried out under so- 
called standard conditions, as has usually been the case in other 
investigations on the cardiac output. The examinations were 
carried out before noon, and the patients had previously fasted 
for about 14 hours and were in bed. They were taken to the lab- 
oratory in bed and rested for liour after the transport. 

Then 2 initial determinations were taken, with an interval of 
about 20 minutes. Every determination included the counting 
of the heart rate, the measurement of the blood pressure, the 
determination of the oxygen consumption as well as the arterio- 
venous oxygen difference, all of tliis taking about 10 minutes to 
carry out. There was an interval of at least 30 minutes between 
two successive acetylene experiments, which should be reas- 
suring, as according to Gbollman 12 — ^15 minutes is sufficient 
for acetylene to disappear from the body of a normal person, 
IVhen these two basic determinations were concluded, the drug 
in question was injected and fresh determinations taken at 
suitable intervals. 

As no difference has been found between these two initial 
determinations, it seems justifiable to let the average value of 
these form the basis when judging the effect. As has already 
been pointed out, however, there is a difference between the two 
values with regard to the oxygen determination. This difference 
being so slight and only existing in this function, the same method 
of calculation has been applied here. In each drug test the dif- 
ference between the values after the injection and the average 
of the basic determinations have been calculated, after which 
these differences have been worked out statistically. As the 
determinations both before and after the drug injection %vere 
carried out on the same subjects and at one and the same 
time, this method of calculation is permissible and advantageous. 

As a rule the patients were not treated with digitalis until the 
experiments were completed. If cardiac glucosides were considered 
necessary, strophanthin was given, its action being of short dura- 
tion. On this basis it may be considered, that the patients were 
no under the influence of any drug when the initial values were 



part II. 

Effect of Drugs on the Cardiac Output. 

Effect of Digitalis anti StropliantWn on the 
Cardiac Outijut. 

Previous luvestigations. 

Animal Expex-iments. 

^ In heart-lung preparations the heart glucosides diminish the 
size of the heart, and when insufficiency of the heart has caused 
a fall in the cardiac output, this is increased by therapeutic 
doses of strophantin (Bijlsma and Roessingh, 1922, Anitsch- 
kow and Trendelenburg 1928) and digitalis (Cohn and Steele, 
1932). In intact animal (dogs) it was found that large doses of 
digitalis caused a decrease in the cardiac output (Harrison and 
Leonard, (1926), Cohn and Stewart, (1928), Dock and Taintee, 
1930). A decrease in cardiac output and heart size was found by 
Cohn and Stewart (1928) in dogs with heart enlargement due 
to. experimental insufficiency of the mitral valve. In dogs with 
artificial auricular fibrillation and consequently diminished cardiac 
output and dilated heart, these authors found an increase in 
cardiac output and decrease in cardiac size by digitalis (Stewaet 
and Cohn 1932). 


Effect on Normal Hmnan Subjects. 

Burwell, Neighbors and Regen (1927) studied the action 
of digitalis on 4 normal subjects, using the carbon dioxide method 
according to Bield, Bock, Gildea and Lathrop (1924). An initial 
dose of 1 gram digitalis powder was given by mouth, the following 
days doses of 0.2— 0.8 gram until nausea appeared. They found 
a decrease in cardiac output, comparable to that found by Hab- 
RisoN and Leonard in dogs. Stewart and Cohn (1932) using 



THE CARDIAC OUTPUT IK COKGKTIYE HEART T'AIUURE. •! 1 

GroelMAK’s original acetylene mctl.ocl si.ndiccl tl.c ofA^ct of 0 8 
_1 0 gram of digitan (Merck) given by mouth in a mnglo dose 
or v'ithin 10 hours. They found a decrc.asc in cardiac output, 
which benan ivithin 4-12 hours and mas most pronounced 
after 24 hours, mheu the cardiac output ma.s reduced to 00^5 
of the initial amount. The oxygen consumption remained 

combined mith 

ore 


constant, the decrease in cardiac oiiijmt being combined m 
increase in arterio-venous oxygen difference. The effeet w 
off from mithin 48 iiours to 8 week.'^. Some of llie sulijects com- 
plained of lassitude and dy.spnca on exertion. One subject witli 
the most pronounced and lasting effect got severe dy.spiien and 
cardiac pain. There were changes iii llie T wave.s of tJie electro- 
cardiograms, in one ca.se .still })rcsenl. 88 day.s later. IjAR.sex, 
b'EUKiRCir and Nieesex (198G) and Xeukiucii (1988) made 
similar experiments, wlien they investigated the effect of a .<;ingle 
dose of 1.0 gram of folium digitali.s or 2 do.ses of O.o and 0..s 
gram after an interval of 21 limins. Tiiev found a decrease in the 
cardiac output in G out of S healthy .sul)jeets of lO— 27 % of the 
initial value, and there was no change in tlie remaining two. 
In an experiment with strophanlhiu (()..'» mg. intravenous) they 
found a decrease of 20 % after 1 lionr. 

All these investigations .seem to point to a decrease in the car- 
diac output. Dock and TaI-xtek (1980) found n decrease in 
venous pressure in the above meulioned animal experiuu'uts, 
and this ivas confirmed by llvT.vxn (19:18), in experiments on 
healthy human subjects ivith tlio .same large do.se.s. 'J’liese authors 
consider that the diminution of the cardiac output ])roduced 
by digitalis is due to a peripheral action of the drug. On the other 
hand, Stewart and Conx (1932) found no significant effect, on 
the venous pressure, and consider that the decrcas(! in cardiac 
output is due to a direct action on the liearl, resulting in dimi- 
nution of the heart size. Objections not to he overlooked, however, 
can be made to the large .single do.sc.s n.sed in tlic above mentioned 
works, for a toxic injury may be the re.s’ult (Wkirsk 198G, 1989). 
These so-called ‘Tull therapeutic do.ses”, founded on IfATCiiEu’s 
(1912) experifuent.s on cumulation, were introduced by Isocee- 
STON (1915), and seem .still to be generally adopted in American 
practice, with a .slight modification by Domx.sox, White, ICcoek- 
1 0^24). Promiierz and Bauer (1988, 1984, 

0 again reidscd tlio cumulation problem, and conoluded 

are due to 


tuat the cumulative effect of large do.se.s of digitalis 
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toxic injury and that the slucoside n i. 

-am 48 h„„.. If 

\ufch lasting effect and severe symptoms in n- f 
in ft„ ligu of 

fmn CO n h''r >-.d Sv'r 

( 941), could not find any effect on the cardiac output in hedH 
subject ate small doses, wMcb are nevertbel J ferepS 
4 ly effective when there is heart insufficiency. They gave in. 
travenous injections of 1—1.5 cc Digitotal (1 cc of which corre- 
sponds to 0.1 gr. Folium digitalis), but no determinations were 
made later than 1 hour after the injection. 

Effect in Cases of Cardiac Disease iu Man. 

Using their modified ethyl iodide method, Starr, Gamble, 
liLiRCrOLiEB, Donat, Joseph and Eagle (1937) found no con- 
stant effects from digitalis on the cardiac output of patients 
with cardiac disease without congestive failure. Stewart and 
Cohn (1932) in the paper mentioned above, using the same 
technique and dosage, also presented studies of digitalis action 
in patients vdth congestive heart failure. They found an increase 
in the cardiac output. Friedman, Clark, Kesnik and Harrisox 
(1935) criticized these investigations considering the original 
Geollman method too unreliable in such cases. The same criticism 
may also be directed to experiments by Geassman and Her- 
zog (1931), in which they investigated the immediate effect of 
strophanthin after intravenous injection. Friedman et al. studied 
the problem anew, using the “tliree sample” acetylene method, 
and concluded that clinical improvement produced by digitalis 
may be associated with an increase, a decrease or no change m 
the cardiac output. Stewart, Crane, Deiteick and Thojhsos 
( 1938) studied the action of digitalis in compensated heart disease 
of rheumatic, arteriosclerotic, hypertensive and syphilitic origin- 
They "ave 1.6— 1.8 gram of digitalis within 24 hours and deter- 
mineerthe cardiac output before and in the following days, using 
the ''three sample” technique. They found no constant effec 
either on the cardiac output or on the venous pressure. Stewart, 
Deiteick, Crane and Wheeler ( 1938 ) using the 
concerning patients with uncompensated heart disease, f 
tiese casts ac increase in cardiac output “-“S “ 

therapy. They emphasise that the d.gitahs effect commo 
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dl hearts is tlie decrease in the cardiac size, wliich tdicy inter- 
pret as an effect on tone. Tliey tliink that the amount of the 
cardiac output iviiicii results from this action is due to the initial 
size of the lieart. Harrison (1939) will not acccjit thoir con- 
clusions concerning the cardiac output and refers to Ins and his 
co-ivorkers’ paper mentioned above (1935). He finds inter alia that 
they arc inclined to attach importance to changes in cardiac 
output which arc well within the error of the method used. 

Judging from literature there seems to be unanimity of opinion 
on that large doses of digitalis cause a decrease of the cardiac 
output in a healthy heart, while some authors who use com- 
paratively small doses find no effect. In comjiensatcd heart 
disease no constant effect has been observed. Concerning the 
effect in cases of congestive heart failure, which is naturally 
of the greatest interest, there are, on the other hand, different 
opinions. The inconsistent results may very well be due to the 
unsuitability of the method used in these cases. The usual manner 
of giving large single doses of digitalis by mouth, and making 
determinations before and after digitalis on different days, must, 
be considered rather unsuitable, partly on account of the size of 
the dose (see above), and partly because the variations from day 
to day, which can be fairly considerable, may have, an effect 
on the result. 

The Authors E.vperiments on the Action of Digitalis. 

In the author’s studies of the action of digitalis determinations 
of the cardiac output were made, D/- and 2 hours after the in- 
travenous injection of 2 cc of the digitalis preparation Higiton 
(Leo), which is generally used for injection ]mr])Oscs at the Koyal 
Serafimer Hospital. Digitoii contains both pnrpnrca and lanata 
glucosides and is SO standardized that 1 cc corresponds to 0.13 
gram of the international standard digitalis powder (193G). Some 
determinations were also made after 1 and 2*/: hours, respect- 
ively, but as the greatest effect seemed to appear horns after 
the injection the author concentrated on the latter determinations. 

Expcrlinonts on Nonnnl Subjccls. 

It seemed desirable to apply the above mentioned doses and 
intervals on some Iiealtby subjects, curlier investigations not 
oemg entirely comparable in these respects. The author has 
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Table 13. 


The effect of nigiidis in normd cases. Mean of 5 experiments in 

k subjects. 

» cc nhihn = 0-=« S””* »f '»* 
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P beincr of tills niagnitudc, it is possible that further experiments 
would show a significant change of the stroke volume. 

This is in agreement with the results of Liljrstrand and 

Nylin. 


E.xperimouts on Patients Avith Congestive Heart Failnve. 

EcsuKs with the Grolhnan method. The Grolmian three sample 
technique was used in digitalis experiments on six cases, nos. 
1_6 (Tabic 25, page G5). The method ns applied by the author 
has already been criticised in a previous chapter (page 10--17), and 
no great importance will be attached to these results. Tlie number 
of experiments being small, analysis of variance has been apjilied 
to the values of the cardiac output. The increases after 1, P/: 
and 2 hours, respectively, have been compared with the differ- 
ences of the corresponding initial values. 

After Vs hour there was no trace of effect. After 1 hour (3 
experiments) an insignificant increase of 14 %, (P >0.2) was 
found. After P/s hours (4 experiments) a statistically probable 
increase of 21 % (0-bl >P >0.05) was observed, after 2 hours 
(5 experiments) 19 % (P =0.05). 

These results suggest tliat digitalis causes an increase in f lic 
cardiac output in congestive heart failure, and they sujiport the 
figures gained by the Nielsen method, which are now to be 
reported. 

Results with the Nielsen Method. The effect of digitalis was 
studied in 13 experiments on 12 decompensated patients with the 
help of the Nielsen method, modified as described on pages 25—28. 
In table 14 the values of the arterio-venous oxygen difference, 
the cardiac output and stroke volume are given. Data on the 
patients are to be found in tabic 25. As will be seen, the origin 
of the heart disease was different (\dtium org. cordis, li)'pertonia, 
cardiosclerosis). All of them had signs of decompensation, though 
; in different degrees. The cases arc too few to allow of any further 
analysis of smaller groups. 

C case 8 the possibility of a congenital heart disease with septum 

e ec was discussed. In such cases the cardiac output cannot be deter- 
acetylene methods. There were, however, no positive 
A, H ^ ° 1 ^ l^he results obtained wore reasonable, 

fliw ^ interest that a monozogotic twin sister did not show any 

no loeutgonological signs of heart disease. There seems to be 
no reason to discard this case. 
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By treating the differences statistically, the folloiving results 

are obtained. Table lo. ^ ^ ^ 

The cardiac output. One hour after the injection there ivas an 
avera<^e increase of -f 0.383 ± 0.0854 1/min., the menu of the 
corresponding initial values being 1.070 1/min.i The number of 
experiments being only four, the differences betAveen the initial 
values on the one hand, and between the 1 hour values and the 
average of the corresponding initial values on the other, liave been 
treated statistically by analj'sis of variance. The increase is found 
to be statistically probable (0.05 > P > 0.01). These figures 
suggest that there is an effect on the cardiac ontjnit already 
1 liour after the injection. 

After V-js hours a significant increase of 19 % was established, 
after 2 hours 15 % and after 2^1. liours 8 %. As determinations 
after 2’/- hours were made in only 4 cases, analysis of variance 
has been applied, and by means of this the increase is found 
to be significant (P <0.001). 

The experiment on subject no. 13 will be of special interest. It 
was a case of mitral stenosis and insufficiency, witli pronounced de- 
compensation and a comparatively slow heart rate, 52 per min. at the 
time of the digitalis experiment. Owing to this slow rate the patient 
was at first treated with diuretics and no digitalis. After a fortnight’s 
treatment there were still signs of decompensation though in a lesser 
degree. In the digitalis cxjicriment there was found an increase in 
the cardiac output from 2.32 ]/min. to 2.. 'so 1/min. after 2 hours 
and to 2.58 1/min. after 2'/- hours. As the variation coefficient for the 
determinations of the cardiac output was found to be 5.81 % (page 
37), both increases arc about twice the standard deviation. 

The patient then improved considerably while undergoing treat- 
ment with digitalis and diuretics, though he was not quite free from 
' symptoms when leaving the hospital. Tliis case illustrates that 
digitalis may have a favourable action on cardiac insufficiency in 
cases with a slow heart rate, which has been questioned in Anglo- 
Saxon literature. 

I- The arteno-venous oxygen dijjcrcnce. A decrease of 15 % was 
found 1V» hours after the injection, of 13 % after 2 hours and of 
y 7 % after 2'-j, hours. The last increase was only statistically 
/ probable. Analysis of variance confirmed thi.s, 0.05 <P<0.01, 

■ The sirol’c volume. A considerable increase of 34 % was establish- 
ed IV2 and 2 hours after the injection, while after 2>/o hours 
00 significant change was to be found. The largest percentual 
X place in case no. 23, wliere the very low strobe 

' * ate not given in Tables 13 anil 14. 
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volume of 15 cc was nearly doubled. In case no. 19 tlic Iicarfc rate 
was so rapid and.irrdgular tliat the counting was . given tip. 

The heart rate was decreased 13 %, 16 % and 12 % after P/e, 
2 and 2^1, hoims respectively. _ _ ' 

In the oxygen consumption no significant changes were obtained 
in this material. In case no. 5 there was an increase from 226 
cc/min. to 259 cc/ihin., this being the greatest increase observed. 
Cases nos. 3, 9, 15, ^1 also had increases of between 14—22 cc/inin., 
at different times. Nylin (1938) in cases vuth severe decompensa- 
tion and liver enlargement found a momentary increase of the 
oxygen consumption after large intravenous doses of digitalis. 
The increase was not observed in cases with livet cirrhosis. Nylin 
used larger doses (3—5 cc Digiton), and all his cases had pro- 
nounced congestive heart failure, thus making his experiments 
not entirely comparable with those of the author. 

There were no significant changes cither in the s}'stolic, the 
diastolic or the mean arterial blood pressure. 

As has been previously pointed out (page 30) in connexion 
with the effect of the dead space, the values of the arterio-venous 
oxygen difference cannot be regarded ns absolute, although the 
error is probably not great in most cases. The decrease in 
the values of the arterio-venous oxygen difference might pos- 
sibly have been caused by a tendency to increased depth of 
respiration after the digitalis injection. If so, there should be a 
tendency to an increase of the carbon dioxide percentage in the 
samples after the injection. The difference between the carbon 
dioxide percentage in the samples before and those after the in- 
jection have been treated statistically in the same way a.s when 

judging the different functions. The difference III — I.+.H was 

o 

I + II 

+ 0.001 ± 0.0417 %, difference IV — ^ - was — 0.008 %. No 

significant changes arc to be found. In the ventilation and the 
respiratory quotient there were likewise no significant changes. 
Thus there seem to be no changes in the respiration to which the 
decreased values of the arterio-venous oxygen difference can be 
attributed. 

The results may be summarized as follows. Digitalis, given 
m ravenously has been found to cause a momentarj- moderate 
mcrease m the cardiac output in congestive heart failure. This 
increase was found in every case tested; it seemed to be most 

i~43l2SS 
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Table 16, 

Effect of g-drophanthin in 9 normal suhiecis, 9 experiments. 
Vi 9 -drophantin was given iniravenously. 





Mean of the! 
averages ofj 
the initial 
values . 
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eanofthel 
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hour after 
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III 


.Mean of the! 
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III- 
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Change 
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When studying the after the intravenous m- 
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Table 17. 

The effect of Stroplianthin in Congestive heart failure. 
Dose 0.2S mg g-strophanthin. 


Before inj. I, II 



® S 2. 

p B 


7 A. W. ‘7.-41.. 108.O 2.63 29.5 

92.8 3.06 34.0 

10 J. Hj. L. =Vj-41 77.3 3.94 55.0 

78.0 3.85 49.4 

11 S. A. ‘Vj-41... 106.7 2.58 32.2 

110.3 2.52 31.6 

12 G. F. 7,-41 ... - _ _ 

73.3 3.70 49.3 

13 T. B. ‘/,.41 . , . 100.4 1.86 30.5 

95.9 2.25 35.7 

14 J. S. -•7i(,.41 .. 88.0 2.54 31.5 

87.1 2.66 32.8 35.8 71.0 3.12 40.2 

17 P. B. ‘711-41.. 92.7 2.39 31.9 

80.3 2.83 39.3 3.52 38.6 89.3 2.54 39.6 

18 A. S. ‘7ij-41 . . 74.0 4.38 52.3 „„ 

68.5 4.57 55.5 37.5 4.69 55.5 70.3 4.41 53.5 

20 M. L. ‘7,-42 . . 105.0 2.37 31.i 

101.3 2.61 30.8 34.3 3.06 39.5 102.4 2.oo 31.6 

21 J.S. ‘7.-42... 91.2 2.99 4.10 

97.6 2.87 39.4 33.0 3.13 44.3 99.9 2.56 42.6 


88.4 3.46 38.4 85.4 3.47 38.5 

74.4 4.25 69.0 — — — 

91.2 2.93 39.0 101.4 2.62 36.4 

68.9 4.01 55.7 78.9 3.32 46.i 

94.6 2.33 45.7 99.0 2.33 41.6 

79.3 2.80 35.8 71.0 3.12 40.2 

90.3 2.52 38.6 89.3 2.54 39.6 

67.5 4.69 55.5 70.3 4.41 j 53.5 


22 P. S. ‘71-42... 110.6 2.12 26.8 

120.9 2.04 27.5 2.59 36.9 110.5 2.63. 38.8 

23 M. K. 7i.42 .. 9g_j ^ ^ 

115.4 1.86 16.9 2.46 23.6 114.5 2.04 19.8 

24 V. W. ‘7i.42.. ii5_9 

124.9 1,83 18.9 119.3 1.86 23.0 110.0 2.04 24.8 

21 »V. w. ‘7,42 . 109.6 1.73 21.1 

114.6 1.64 18.7 100-6 1.95 28.0 96.5 2.08 30.0 

2o J. W. 7,42 .. 447_g ^ 

111.8 1.92 34,2 1 112.6 1,90 49.6 100. 0 l,9i 47,5 

..fcultti” «■» »i S-.l»ph.„thin gi„„ 
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27ic effect in congestive heart failure of g-strpphaniin on various 
funcHons. V* ^9- was given intravenously. I and U are the initial 
values before the infection, 111 the values hour (SO — SO mins.) 
after, IV the values 1 hour (50—60 mins') after. 
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hour 


injection! 

Percent- 

age, 

i 


averages 


Changed 

Wean of the! 

initial differences If*' 


values il 

I+II 


IV - 


I-hll 


injectioni 
Percent-] 
• age 1 


Arl.-ven. 

0, (lifferctico 
cc/1. 

Oxygen consump- 
tion ! 

cc/inin.. 

Cardiac output .. 
1/miu. 

Stroke volume... 
cc. 


n 


Heart rate 
per min 


9G.39 
[n = 14 

{ 

2o2.t 
I 

= 14; 
2.7'IG 
In = 14 1 
35.11 
= 14. 
TO.si 
14 


— 7.76 

± 1-3T1’ 

In =± 14 


-k 5.1 
-t- 2.13 
In = 14 


•8 % 


(+ 2 %) 


-i- 0.283 1-1- 10 %' 
± O.OSll' 

In 4 14 


+ 6.05 
± 0.970 
in 4 14 

- 0.98 
- 2.031 
il4 


-1- 19 % 



-61 


-f 0.112 



+ 14% 


- 9 % 


Grolhiian inetliod ivas 

have have been treated togetto. 

:S:ar So 

r^poriuronts ou Pa««.te wltb 

The effect of g-strophaBthm modified NielsbH metho 

heart faitare CS-- 1" 

^ described on FS- the strobe vol.» 

„^yge„ differetjce h le ®e , 

arc given m table « “ there was 

In the arterio-venous J9 

8 % after •/= hoar and 6 /. 
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■The cardiac output was increased by 10 % after V, Iiour, wliile 
after 1 lioiir there was no significant increase. In subject no. 24 
the experiment was repeated with the double dose mg.), re- 
sulting in a more pronounced effect tlian with 1/4 mg dose. 
(Table 17.) These values are not included in the calculation. 

The stroke volume was increased by 19 % after hour and by 
14 % after 1 hoiu-. 

The heart rate decreased by 8 % after hour and by 9 % 
after 1 hour. 

Patient no. 11, a case witli aortic and mitral insufficiency, had 
an atrio-ventricular block I with a conduction time of O.ss sec. and 
for this reason he was treated with xanthines and mercurial diuretics 
and no digitalis. As there was no improvement ho was given 
g-strophanthin. In the experiment on March 24, 1941 there was a 
rise in the cardiac output from 2.5r> to 2.9a lit./min. hour after 
the injection. After 1 hour the cardiac output fell to 2.c2 lit./min., 
and there seemed to be a transitor}' aggravation of the conduction 
disturbance, as it was found by auscultation that the heart sounds 
corresponding to one beat disappeared 3 times a minute. This 
could not be verified in an electrocardiogram taken about 15 mins 
later. While under strophanthin treatment the patient at first 
improved, but then got worse and did not react to any treat- 
ment. In the electrocardiogram there were at times Wenckebach’s 
periods. Finally the patient died suddenly on April 22. 


When examining the carbon dioxide values in the same 

manner as in the digitalis experiments (page 49), the fol- 

, . I+II 

lowing results were obtained. The difference III — rvas 


0.044 0.0G3, the difference IV 


I+II 


was -f 0.012 ± 0.070, 


neither was there any change in the ventilation nor in the re- 
spiratory quotient. 

Thus g-strophanthin and digitalis have been proved to have 
principally the same effect in congestive heart failure, though 
as was to be expected, the effect of strophanthin appeared more 
qmckly and disappeared sooner than was the case ivitli digitalis. 

t may be of interest that the doses of 2 cc digiton and mg. 
g-strophanthin correspond approximately to each other wntli 
regard to their potency, which is ascertained by biological stand- 
ardization. The guinea-pig method of Knaefl-Lenx (1926) is 

extent for this purpose. 1 gram of the inter- 
ational digitalis powder standard (1936) contains 66—60 guinea^ 
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eormponds to o“ T 'rrlrT'f 
Btandari (1936). 2 00 Digiton ttas rmSlSf! ■’’”* 
units, 7^ mg. g-strophantliin 11—13 units The ave 
m cardiac output caused by digitabs was jg" 
stropliantlun 10 %. It seems that these figures su^Tst rate 
good apeement between the effect .on thf cardi^ru^ 
congestive heart failure in man. and the potency of digital and 
strophanthm ascertained by standardization on animds. It t 
possible that the maximum effect of g-strophanthin • appears 
sooner than after Vs liour and thus the agreement in reality 
may be even better. 


Jlic EfTccti of Xtintliiiics on tlie Cardiac Output 

Previous Investigations. 

Animal E.vperiments. 

Flaum and Rossler (1933) investigated the effect of caffeine, 
thcoliromine and theophylline in heart-lung preparations whicli 
were injured and made insufficient by barbiturates, chloroform, 
carbon dioxide or long duration of the experiment. They found 
a considerable increase in the cardiac output and the stroke 
volume, which increase seemed to be independent of changes 
in tbc coronary circulation, and which was ascribed to a direct 
effect on the myocard. The doses were rather large (0.05 gram 
theobromine sodium-acetate and theophylline sodium-acetate, 
0,2 gram caffeine vith sodium benzoate). Bock and Ruchhomz 
(1920) in dogs with intact circulation found no change in the 
cardiac output from caffeine. 


Expeiumonts on Normal Human Subjects. 

Means and Newburgh (1915), using the mitrous oxide method 
studied the action of 0.3-0.42 gram of caffeine sodium sahcylate. 
They found an increase in the cardiac output without a correspon 
ing increase of the oxygen absorption. In experiments 

.no conclusive effect was found. However, their exp.enments wer 

few, and in some of them there' was f JS, 

.between the, initial determinations and those under drug 
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for which reason they are not fully convincing. Grollman (1932) 
concludes that small doses of caffeine are without effect on the 
cardiovascular system. Larger doses (0.5— 1.0 gram) cause, in 
most cases, a rise in oxygen consumption, an increase in the 
arterio-venous oxygen difference and a slight rise in the cardiac 
output. Neuthard and Hoen (1937) investigated the effect of 
caffeine, theobromine and theophylline in one subject, using the 
Grollman method and found very great increases in the oxygen 
consumption and the cardiac output. Their values, however, 
are quite obviously inconsistent, the experiments were not made 
under standard conditions and the subject was apparently ex- 
tremely sensitive to caffeine. Therefore these results cannot be 
taken into consideration. 

Experiments on Patients with Heart Disease. 

Friedjian, Resnik, Calhoun and Harrison, 1936, with the 
three sample Grollman method investigated the effect of diuretics 
on the cardiac output of patients with congestive heart failure. They 
made single determinations before and after the oral administra- 
tion of from 1.5 — 0.9 grams of theophylline daily for two days. 
No constant effect on the cardiac output was observed. In this man- 
ner, however, it is rather the effect of loss of oedema than the direct 
effect of theophylline on the cardiac output that is elucidated. 
Starr et al. 1937 in the paper mentioned on page 42 also 
studied the effect of caffeine 0.5 gram and of 0.48 gram theo- 
phylline ethylendiamine (0.34 gram theophylline), given in intra- 
muscular injection on patients with compensated heart disease. 
They made determinations before and 20 — 40 mins, after the in- 
jection. The average values showed an increase in cardiac output 
and stroke volume, significant only for theophylline. The oxygen 
consumption was not changed in most of the cases, in one there 
was a marked increase. 


The Author’s Exporinients. 

Theophylline alone was studied, in the form of theophylline 
diaethanolamine. This solvent seems to be the most suitable, 
aving no pronounced effect itself on blood pressure and respira- 
tion, while ethylendiamine causes a faU in blood pressure and 
s imulates respiration (Lueman and Lauer 1933, Frey and Hess 
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Table 19. 

TJie effect of theophylline diaethanolamine in normal subjects, I cc 
Deriphyllin — O.20 gram theophylline luas given intravenously. I and 
11 arc the initial values before the injection, III the values 15—25 
■ mins, after, IV the values 40—60 mins, after, the injection. 


Functions , 


Arfc.-vcn 

0; difference 
cc/1 

1 Oxygen -con- 
sumption . . . 

■ co/min. 


Mean of the 15—25 ® 

averages j^eanofthe mins. 

. : differences after in- 

jection 

values , . Peresnt- 

age 

2 2 . \ 

60.20 —2.93 0 

± 5.79 

nr=4 n = 4 

223 7 + 29.5 4- 11 % 

± 2.32 

n = 6 n — 6 


Mean of the ' ' 

mins. averages kjganofthe mins, i 


differences after in-j 
1 jectioii i 
Peicent-' 


jn=5 n=6 


Cardiac output . . 
. 1/min. 

i 

Stroke volume . 
cc/beat .... 


Ventilation 
■ 1/min. 


3.858 +0.770 0 

± 0.5554 
n=4 n=4 

62.50 + 13.30 0 

± 7.979 

ii-:4 n= 4 

6 072 + 1.385 + 20% 

j- 0.3283 
n==6 n = 6 

0.8GG 1 + 0.019 ® 

1 4 . 0.0251 
!n = 6 !n = 6 


223.7 -i- 26.5 

± 5.16 

n = 6 n= 6 

3.824 -1-0.534 

i 0.3798 

n = 5 n = 5 

64.50 -h 12.'18 
± 5.389 
n = 5 n = 5 

6.672 + 0.527 

. ±0.2712 

n = 6 n - •= 6 

0.866 + 0.053 

1 ± 0.0109 

ln = 6 n = 6 


I n = o , 

1030 Tagnov 1940). The prepara- 

1937, OST^BWABB in a dose of 1 cc, containing 

Ln belipaylUn n.ter„»' 

0 2 gram of tlieophylline, and wa g ^^^ection. 

to were made 16-36 effect fteoplyl me 

Experiments b normal subjeete. The™" 

diaetianolamme was st d ^ respiration was as*'', 

Hielsbn method with significant 

are'shown in ‘^^^“Vaiae hitpntandthest^^ 

in the arterio-venous moderately mcieased,boM 

volume-iThe oxygen ““““r 40-60 mins. There was also a m ^ 
aft- 16-26 "ation. This is not to be regaxde 

erate increase in tn - 
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Tnhlo 20. 

mpct of theophylline diadhanolaininc. on the cardiac ouipul vi conejeshvo 
^ heart failure. Voeo I cc. Dcriphyllin 0.2 gram Ihcoyhylhnc. 




. . ^ „ 111 15-25 

Beforo inj- I. i nftor ini 

1 

min. 

, IV .i0-.50 

after inj 

min. 

■ 

ST. 

o' 

a 

ct- 

5 

p 

Initiiils. Date 
of exporiment 

« .r ' 

r ^ ^ ! 
r>pt 

1 Cardiac 
output 
! lU/Min. 

jig - 


Cardiac 
output 
lit /.Min, 

■ 2 : 2-17 
g 5 £ 

£ ^ c 

L pHr 

fPP 

5:0 c 
■V n 

S. 

-2. d 
cr ^ 

0 3 0 
a ^ 

11 

S. A. Vyi\ . . . 

98.2 ! 
sn.n 1 

2.S.-. 

3.21 

34.S 

38.0 

.81.2 

3.17 

■11. .0 

' 97.0 

3.00 

30.-1 

1 

11 

S. A. "A-11- •• 

97.2 ' 

91.1 
• 1 

2.7fi 

2.20 

32.S 
34. .5 

88.7 

3.00 

3(1.1 

89.0 

3.12 

35.0 

( 

12 

G. F. =V.-41... 

ns.7 i 

G9.7 

3.07 

3.tu 

59.2 

58.7 

8(i.:! 

2.05 

42.0 

: 7i;.2 

3.11 

nis 

13 

T. B. -'Ml... 

104.0 

- 

2.21 

30. s 

1 

92.1 

1 

) 

2.01 

40.7 

101 . 0 

2 . 1 s 

47.7 

14 

J. S. »/io-41... 

100.2 

84.1 

2.1.5 

2.0!) 

27.!) 
33 . 1 

' 91.1 

i 

2.17 

29.0 

95.7 

' 

•2.57 

30.C 

! 

15 

J. F. ’Vio-41 . . 

91.7 

104.0 

' 

2.-S!) 

2.0-: 

47.0 

42..5 

‘ SO.n 

3 . 1 c 

48.0 

, 9G.:i 

2.02 

45.7 

20 

M. L. ‘’/5-42 . . 

103.5 

9S.S 

2.21 

2.:i2 

29.S 

33.0 

; 94 .:. 

2.71 

39.0 

105." 

2.11 

33.7 

2o 

J. W. V.-42... 

91.4 

80.C 

2.07 

2.70 

.52.1 

•l.S.o 

: 9 . 5.1 

2.05 

■u;.2 

90.;i 

2.S1 

• 19.3 

2C 

B. K. -•-/,„.42.. 

112.2 

124.) 

1.07 

1.07 

20.2 

22.0 

1 120.a 

1.70 

20.:i 

109.7 

t 2.00 

2il 

2' 

S.Y.W.”/„-42 

SG.S 

9G.(! 

2.32 
2! US 

58.7 

.57.1 

; 97.0 

2.00 

58.7 

MOO.o 

2.:ii 

58.4 


effect of respiratory stimulation, as there ^vns no change in the 
respiratory quotient (the decrease after dO — 50 mins, rvas nob 
affirmed by analysis of variance, 0.2 >P >0.05). 

Expenmcids on Padenls with Contjcslivc Heart Faiinrr.. Ton 
experiments were made and the figurc.s are given in table 20, 
the results in table 21. Tlie action of tJic drug is .similar to that 
in the normal subjects. No significant changes occurred in the 
arterio-venous ox 3 ^gcu difference, the cardiac oubjmt or the 
stroke volume, whereas there was a slight increase in the oxygen 
consumption and the ventilation, but no changes in the respiratory 
quotient. In the blood pressure no significant changes occlirred. 

Thus no constant- effect of theophylline on the cardiac output 
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Talile 31. 

The effect of theophylline diaethanolamine in 10 cases of congestive 
heart failure. 10 experiments. 1 cc Deriphyllin = O .20 gram theophyl- 
line was given intravenously. 


1' Meanoftbel iMeanofthel I 

Mean of the valu^ Mean of the Meanofthe 

Tr it-* &.e.J ‘55„ Im™-! 

Functions 1 initial mins._ afterj (mins. after| 


averages 
of the 
' initial 
values 


the 

injection 

1 III 




1 0. difference 

1 co/1. 1 

1 Change • 

1 Oxygen consump-1 ^ 

I tion ^ 

1 co/min. 

1 Clmngo 1 

1 Cardiac output ... 1 
1 1 /min. I 

] Change 


i+n 

m-— 


— 1.33 


+ 16.6 
1 ±5.31‘ 

+ 7 % . 

+ 0.160 
i 0.1119 

0 


mins, after 
injection 


Stroke volume..'.. 

00. 


Cli'ango 

Ventilation 

1/min. 
n = 9 

Change 

Besp. quotient. 

n = 9 


+ 0.61 


+ 0.166 
+ 0.U95 

+ 10 % 

+ 0.012 
+ 0.0183 

I 0 1 


+ 20.4 

1 ±3.92 


+ 0.135 
+ 0.0508 

(±5%) 

±1.22 

± 1.308 

0 

+ 0.591 
+ 0 . 1639 | 


— 0.029 ! 
+ 0.0131 

0 1 


Change 2 am, though 

of the cases ’a|,out twice ® ^paraUe to ttat of 

output \e uo talk of au effect comp 

all events there insufficienoy 

tlie heart glue® ±eophyUiue in . ^tboutl »»»+' 
Ihe faet tlin* ■„ oxygen eonsumption mt 

oausee an 

the cardiac “V/ The reasonable, to piesum 
.on the heart, it.i^ 


Patient x^o, 
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all the xanthines, as these generally seem to differ from one 
another only in quantitative respects, theophylline being the 
most active. Their usage combined Avith heart glucosidcs seems 
suitable from this vic\v])oint. 


The Effect of Niccthainidc anti Mctrazol on the 
Cardiac Output. 

Earlier luvestigntions. 

Animal Exporimouts. 

The effect of nicethamiclc and mctrazol in insufficient lieart 
lung preparations has been investigated by several authors 
(Tren'delexburg 1929, Gremees 1930, Lkvko 1930, Gounvrr- 
zer-Meier 193C). No conclusive effect on the heart has been 
observed by any of them. In animals with low blood pressure 
due to the anesthesia .IfuELER (1936) and Gouavitzer-Mkier 


Table 22. 

Effect of nicelhainidc on the cardiac ouipui in conprslivc heart faihtre. 
Dose 2 cc (0..; gravi). 


1 I 

j Before inj. I, II j 

Ill 30 min. 
nfter inj. 

IV GO min. ! 

after inj. j 

of experiment ! n ,P a. 

I'laj. 

' ^ Si ^ 

btrolvo 

Volume 

co/bent 

Cnrdino 

output 

lit/JIin. 

„ oirisro o 

^ rr 

iJ.o’SC- 
^5 2- 

r pp 

o c 
.sr c ^ 

5* 5- ^ 

s B S’ 

ro ° 


11 

S. A. >7,-41... 

lOG.C 

103.G 

2.47 

2.57 

30.S 

31.1 

■ 

2.57 

29.2 

114.9 

2.21 

2G.1 

12 

G. r. ”/.-41. . . 

74.3 

78.3 

3.30 

3.14 

56.5 

52.3 

H 

3.11 

49.0 

83.1 

2.90 

49.1 

13 

T.B. -•«/,. 41... 

94.7 

101.1 

2.52 

2.55 

49.1 

oO.o 

Q 

2.50 

48.9 

95.0 

2.70 

51.1 

22 

E- S. >7,-42... 

107.5 

110.5 

2.G9 

2.02 

33.G 

32.1 

H 

2.70 

30.2 

107.7 

2.70 

34.0 

23 

M. K. 7,-42. . . 

129.0 

151.7 

1.71 

1.5G 

14.3 

14.1 

135.5 

1.73 

16.0 

13G.7 

1.01 

14.0 

,25 

1 

J. W. >7, .42 . . 

97.4 

2.95 

51.0 

89.3 

3.02 

53.0 

93.7 

3.00 

51.3 
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Table 23. 


The effect of mcethmnide in 6 cases of congestive heart failure 
See were given in intramuscular injection. 


functions 

Mean of the 
averages of 
the initial 
values 

Mean of the 
values 
taken 
20-30 
mins, after 
the 

Mean of the 
differences 

Mean of the 
values 
taken 
50-G0 
mins, after 
the 

katioftht 

differences 


I+II 

injection 

in 

i+n 

injection 

IV 

iv-i+l! 


2 

2 

Arfc.-ven. 

104.35 

102.45 

— 1.90 

105.33 

4’ O.OS i 
± 2.454 

O 3 difference cc/ 1 . 

± 1.920 

Oxygen eonsumption 
cc/jnin. 

260.2 

261.0 

+ O.S 

260.S 

+ 0 .C 

Cardiac output .... 
1 /min. 

2.597 

2.025 

+ 0.02S 
± 0.0325 

2.645 

— 0,052 
± O.osio 

■Stroke volume 

cc 

38.97 

38.55 

— 0.42 
± 1.240 

37.75 

— 1.22 
± 1.230 j 


8.022 

8.214 

+ 0.192 

8.174 

4-0.152] 
± 0 . 2 CC 6 

1 /min. 


± 0.2522 


Kesp. quotient 

0.721 

0.715 

— O.ooo 

0.729 

4 - O.003 


(1936) found a rise in blood pressure and an increase in the 
cardiac output and stroke volume, wbich they ascribed to a 
stimulation of the vasomotor centre and increased venous oo 

supply. 

. ;Experinients in Normal Human Subjects. 

nidetWide and metrazol as those 
xanthines, and found a 

sumptioif, cardiac Nvlik (1941) did not 

applies here as before. i oxygen consumption, 

observe 4ny significant change ^ thehlood 

,tlm cardL output, he stroke 3 ti,ulatiou. as 

pressurei Nor .was there any ^ . 

ouotient did not chai^ge. 



Patient no 


the cardiac 
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Gl 


Tnlilo 24. 

The effect of Mctrazol on the cardiac oulpul in 
' Dose 1 cc=0.l gram. 


congestive heart failure. 


17 

19 

2G 

27 

28 
28 
29 


Initiuls. Dnto 
of experiment 

P. B. 'Vu-il-- 
k; B. N.=Vi-‘12 
B. K. =V.o"12.. 
S. Y. ”/k-42 . . 
J. H. V:-43 . . . 
J. H. V 5-43 . . . 
D. E. ‘V:-43 . . 


Before inj- 

r, 11 

j 111 20-30 
( after ill 

min. 

IV 50-G0 min. 
after iiij. 

Art.-ven. 

O.-Diff. 

cc/lit. 

=to p 
■C; = 5 

H. 

1.0 2 
o' 

p a ^ 

ig*?? 

{ p ft 

rrto 0 

n* c SS' 
r c*- n 

g Cc/ 

g § & 

0 

^ 0> ;ir.o Q 

^ w j- ! 

S ft ■ a‘ ^ ^ 

• J3 ; ft 

g=c 0 1 

S E rr,: 

c* ft ^ ) 

97.1 

lOl.a 

2.20 

2.21 

34.S 

33.0 

i 

j 89.7 

ll 

2.51 

37.1 

77.5 

2 . 0 s 

1 

1 

130.1 

133.1 

2.afi 

2.ns 

— 

1 

;i3i.s 

2.3G 


124.2 

2.55 

i 

I 

105.1 

114.1 

2.00 

2.00 

28.0 

25.0 

^2-l.S 

d 

•1 

l.SC 

20.5 

1 

130. t 

j 

l.Sl 

22.0 

j 

82.0 

92.2 

2. S3 
2.51 

71.1 

01.7 

‘i 91.0 

2.04 

5S.-I 

i 93,S 

! 

2.5S 

n/.S ; 

nc.o 

OO..'. 

•2..'i 1 
2.5S 

42.9 

41.1 

d 

. 05.r» 

2.99 

31.5 

i 88.9 

” 

— 

93.S 

9G.0 

2.55 

2.05 

37.0 

39.7 

; 101.1 

il 

2.97 

51.7 

1 

i 83.3 

3.21 

41.1 

85.2 

87.0 

3.52 

3.55 

41.3 

40.5 

li 

SS.O 

3.35 

39.5 

: 73.1 

4.21 

49.S 


The AiitliovAS Experiment. 

Nicethaniidc. Six experiments were carried out on six jiatients 
with congestive lieart failure. Two cc =0.6 gram were given in 
intramuscular injection, and fresh determinations were made after 
20—30 mins, and 50 — GO mins. The figures of l lic arterio-venous 
oxygen difference, the cardiac output and t he stroke volume are 
given in table 22, the results in table 23. No significant changes 
were observed, either in the circulation or in the respiration. 

Mctrazol. The effect was studied in 5 patients with congestive 
heart failure, tables 24 and 25. A dose of 0.1 gram was given in 
intramuscular injection and fresh determinations were carried out 
after 20 — 30 mins, and 50 — GO mins. In these experiments, too, 
there were no significant clianges to bo found. T)io increase in 
the oxygen consumption after 1 hour (table 25) was not found to 
be significant by analysis of variance (P > 0.2). 

In case 19 the lieart rate was so rapid and irregular, that had 
counting to be given up. The determinations on patients nos. 
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Table 25. 


The effect of meirazol in 6 cases of congestive heart failure. 1 ccuaj 
given in intramuscular injection. I and II are the initial vahia, 
III the values taken hour {20 — SO mins.) after the injcdion, 
IV the values 1 hour (50 — 60 mins.) after. 


[Mean of tW 
averages 


Functions 


of the 
initial 
values 


I differences 


I+II 


III- 


I+II 


Change 
V 2 hour 
iafter thel 
iniection] 
Percent- 
age 


iMean of the 
averages 
of the 
initial 
values 


iMeanofthc' 

differences 


I-fll 


,IV - 


1 + 11 ! 


Chann 
1 hoct ' 
iCftct tb 
injccfc' 
tPercect 
are 


Art.-ven 

Oj difference 
cc/1. 


Oxygen consump- 
tion 

co/min. , 


Cardiac output ... 
1/min. 


Stroke-volume^-. 


Ventilation . . . - 
1/min. 


Resp. quotient 


100.61 


n = 7 hojin 


+ 2.64 
± 2.79 


100.61 
in = 7 


255.1 
= 7 
, 2.579 
= 7 
. 41.35 

7.503 


+ 3-.3 
± 10.78 
1 = 7 


0 


-.-0.O34 
+ 0.1107 
ln = 7 


-rO.52 
+ 3.482 
ln = 7 


0 


— 4.73 
± 5.333 
n = 7 


0.755 

= 7 


+ 0.353 
+ 0.6144 


+ 0.018 
+ 0.026 
7 


0 


257.2 
= 6 
2.582 
= 6 
41.22 
. = 6 
7.483 
1 = 7 

0.765 
n = 7 


+ 10.3 
+ 2.612 
luio 


+ 0.318 

+ 0.177: 
. = 6 


+ 2.96 
+ 4.090 
In = 6 


+ 0.312 
+ 0.15661 

luie 


0.000 

-.1 


28 aud 29 were 

metliod (600 cc depth oi xespira ' 

regarded as absolute. ^ basal metabolio 

Patient no. 29 a case o normal magnitude, . 

rate of + 66 % showed a cardm d bgliet 

but the arterial-venous oxygen 

than normal. ^ analeptics 

These results in the usual therapeut c do . 

ai^ect effect on tie h^rt ,,,, '“tC I* 

of a favourable action m cases 
vasomotor paralysis. 
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out Of tlie dead space, tending to give too Imh i 
artmo-vcuous oxygen dfence. As constat sslut 
in double determinations, with a variation coefficient of1 
It was considered possible to establisb changes in the cardiac t 
put at one and the same time. The method in the C 

m^er, does not permit comparison of the values of cardiac output 
m various subjects or the study of the variations during the course 
of a decompensation. A modification of the method, assiirinc''a 
sufficiently great depth of respiration to wash out the dead space 
was developed during the investigation with the object of maloBa 
it generally serviceable. In normal subjects good agreement was 
demonstrated between values obtained by this modification of 
the Nielsen method and by the Grollman method. In doable 
determinations on healthy subjects a variation coefficient of 
4.74 % was obtained. 

Determinations of the oxygen consumption by the bag method 
according to Douglas resulted in a variation coefficient of 2.58 \ 

For the determination of the cardiac output the coefficient of 
variation was 5.84, %, of the stroke volume 7.05 %. ' 


The effect of Drugs on the Cardiac Output. 

Digitalis administered intravenously in cases of congestive 
lieart failure caused an immediate increase in the cardiac output 
and the stroke volume, combined with a decrease in the arterio- 
venous oxygen difference. The increase seemed to he maximal 
after -iVa bour and was still present after 2^2 hours. 

In normal subjects no significant changes occurred. 
Stro'vliantliin in cases of congestive heart failure had a similar 
effect which appeared more quickly and was of a shorter c uxation. 
In normal subjects no significant changes were 
Theo-phjKm. No sigrifioant effect on the canjiao 
be proved, v'hcreas a moderate increase in the oxygen conses^^ 
lol v-as found. This applied to both normal subjects and f 

tients irith congestive heart failure. _ mneestive 

Analeptics. Sfetracol and “Nation or on tb. 

heart failure had no influence either on e 
respiration in the usual therapeutic doses. 
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1* I 

Data relating to the pati:r.',i 

V 0 C = Yitium orgatiicum cordis. A. I. = aortic insuiiicieic;. 

-Desrce of cfanosis, dyspnea, odema and Inog cocgesto, 
Uegr j palpaMe 1 finger breadth bcloir th 

Degree of liver enlar gement: +- Uvei^ P 

i — Til 1 i 


. Date of 
;ub-! admission 
jeetj Initials 
N'o. i Sex 

1 Age 


\ \ S. A. (J 
; 42 venrs 
: >«/. 39 


f®!*' 1 I I Liver cn- '■ Ycmu. 

1 Ovanosisl i Oedema Weight 

Diagnosis |Oyanosisi i . i & 


V. 0 . c. incomp. 

1 Endocarditis 

j acuta ct chron 

(M. I. + f- 

Died -Vj 


>‘/a '39 


i M, n ''1 Y 0. c. incomp. 

(k s. + A-i- + 

1 VS) Diocl»/.= 

P A. !>••• E" 

docardit, chron 
fibrocalculosa 

(M. S. + A;I- + 

gd -U Cirrhos. 

* cardiaque hep 

. .. 1 V n C. incomp. 

3 is-v'V ('a 


+ 1 2.0 kg. 


V O C. incomp^ 

S.B-S ''piV+Sl-SO 

35 years j t- 

‘Va 


.5 S. H. S. <5 

1 53 years 

! -A 39 


0 . J- ? 

32 years 

--ho 39 


jlyodeneratio cor- 
dis incomp- 


V. 0 . C. ineomp. 
(M. I- + 



The Grolto 

1 Increased -f ++-i- | 3) ie 
in weight. | ' 


+ 1 2.3 kg. + 


2.2 kg. 


2.2 kg. 


0.6 kg. 
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20 . 


vith congesUve heart failure. 

S. = aortic stenosis. M I. = mitral insufficiency. M. S. = mitra . stenosis. 

■■•Itaht +; moderate ++. pronounced + ++• , , , , ^ 

' ostal arch. ++ = liver palpable 2 fmger breadths below the arch eto. 


=5=-=— 


X-ray of the 

X-ray signs 
of lung 
congestion. 



Circula- 
■tion time 

Auscultation of 
the heart 

heart 

Heart volume 
! co/m“ body 

Electrocar- 

diogram 

Drug te.sts 

1 


j surface 




ethod. 



- 



- .SO sec. 

1 Systolic murmur 

General enlarge- 

-f- + 

Right ventricular 

Digitalis 


1 max. at apex. 

ment 1100 

Fluid in the 

preponderance + 

test. 1 oc 


Pjj acc. 

cc/m“ 

right pleura 

Coronary insuffi- 

Digiton i. v. 




ciency -j- Auriou- 

had been gi- 

1 

i 

1 



lar fibrillation. 

ven 'Ya ®rid 
■Va- 

12 sec. 

1 

Systolic and dias- ! 

1 350 cc/m-. Ge- j 

+ + i 

Auricular fibrilla- 

'“/a Digitalis. 


tolio murmur, \ 

j neral enlarge- 


tion-p Right ven- 

i 

i max. at apex. 

1 ment, most j 
j pronounced in 

1 

trioular propon- 
deranoe -f Coro- 




1 left heart. 


nary insuffi- 


i 

1 

1 




ciency. 


i 

5 sto, : 

i Systolic murmur, 

930 co/ui-. Ge- 

+ + 

Auric, fihrill. -P ' 

[ 

1 'Vi Digitalis. 

^ 39) 

j max. at apex. 

neral enlarge- 

Small quanti- , 

Coronary insuffi- 
ciency. 


; Diastolic mur- 

ment, especi- 

ties of fluid in 1 

1 


I mur, max. in Itn 

ally in the left 

both pleurae. 

1 


1 sin. and at tlie 

1 aortic valve. Pn 

ventr. 


1 

1 



I acc. 





» see. 

i Presystolic, systo- 
I lie and diastolic 
murmur max. at 
the apex. 

1st. sound 
abrupt. Pjj acc. 

Heart enlarge- 
ment of the 
mitral type. 

760 cc/m-. 

■f-f- 

Auric, fihrill. -p ! 
, Coronary insuffi- 1 
ciency. 

Digitalis. 

1 

1 

i 



Systolic murmur, 
max. in Ijjj sin, 
Pn acc. 

S60 co/m=. Ge- 
neral enlarge- 
ment. 

-1--1- 

Auric, fihrill. -f 
Coronary insuffi- 

“Vo Digitalis. 



ciency -p Ven- 
tricular extrasys- 








tole. 


sec. 

Presystolic and 
systolic murmur 

Heart enlarge- 
ment of the 

mitral type 750 

cc/m^. 

-1--P 

Right ventricular 

“ViQ Digitalis. 

1 

at apex. Diasto- 
lic murmur in Irr 


preponderance -f 
Coronary insuffi- 



sm. 


ciency, P-waves 
enlarged. 
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()8 


i ! 

I Bale of i 


Dysp- 


j j 

— 


iSuli- 

admission | 


Oedema ^ 



i 

jcol 

No. 

; Initials ! Diagnosis 

' Sex ! 

Cyanosis 

nea 

during 


lYeightloss 1 

° iargement 

Venous | 
pressure 

\ 

i 

; Age 1 


rest. 


1 



The Nielsen 


7 i A. \V. o ! 
51 ycar.s ’ 
«<;. 40 • 

Cardio-artlicrio- + 

nophrosclcrosis-)- . 
Hypertonia gra- ; 
vi.s J- Incomp. ; 
cordis. Died ‘/j. 

d- 

d-d-d- 

26.3 kg 

d-d-d-d- 


S A. 15. W. 7 
51 vear.s 

”A’-n 

V. 0. C. incomp. + 

(Congenital vi- 
tium ??) 

d-d- 

i 

1 

\ 

\ 

d-d-d- 

1 

5.5 kg. 

a. 4-4-0- 

t 

( 

1 

19 

0 K. L. 7 
til years 
41 

V. (1. C. incomp. H-d- 
Died '-/.o 42. 1’. 

A. 1). Stenos. I 

, t 

1 “T 

1 

i 

3.G kg. 

) 

! 1 
, (Tumor 

' hepatis) 

1 

24 cm 


van. w 

pulmonal. (con- 
‘ f;cniln\':)+Tumor 

10 .1. llj. L. 6 : llyportonia -r 
r,:> Vi-ars j Mvodepenoratio 
”'.’•11 ; cordis incomp. 


11 Ls; i V. 0. C. incomp. 

" l)ir.l -1, -U. I', 

j 1 A. 1).: Aortitis 

■ I (luct.?) A. 1- 

! -1- M. I. 


4" 


9.5 kg. j + + 


21 cm 


tt 


4* 


0.9 kg. i ++ 


12 


n 


G. F. s 

1)5 Ycai-s 

-\u -n 


T. B. 

36 years 
•/lo ‘11 


Cardiosclerosis c. 

Incomp. cordis 


M- 


^^4- 17.0 kg. I + + + 


14 cm 


V 0. C. incomp. 

(M. I. + »•) 


-!* d' + 


+++ i +++ 


3.4 kg. 


+ + + 

(Ascites) 


28.5 cm ‘ 



XUBERCULm TEST AKD SERUM ANTIBODIES. 
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focus is slowly reabsorbing while also mibary tubercles are dis- 
seminating in the lungs, and increases the bilum lympb-adenitis; 
moreover joints and beinatogenic outspreading in tbe spleen 
(Fig. 3) and in tbe bver. At tbe 6tb week tbe caseation also in tbe 
bilum lympbnodes appears. 

Successively tbe extent of tbe former mibary tubercles of tbe 
lungs increases, tending to conglomerate into granulomatous, 
mostly caseous foci and giving place to a diffuse probferation of tbe 
specific granuloma and foUowing tbickening of tbe interalveolar 
septa. Concomitantly also tbe other tubercular affected organs, 
i. c. spleen and lymph nodes, show a diffuse granulomatous in- 
volvement of tbe interstitial connective tissue. 

Tbe caseous change of tbe granuloma in tbe lung reaches its 
maximum after 8 or 9 weeks during which tbe sclerotic transforma- 
tion of tbe tubercular process begins everywhere in the affected 
organs. This tendency assumes a particular significance in tbe 
bver where tbe connective tissue probferation develops giving an 
anatomical picture similar to that of liver cirrhosis, namely con- 
sisting on tbe degeneration of tbe parenchymatous cells, a diffuse 
increase of tbe connective tissue starting from tbe portal spaces 
and sometimes from tbe centrum of tbe lobub; a considerable 
splenomegaly with tbe characters of a diffuse fibrous inflammatory 
reaction and partially also as a secondary effect to tbe cirrhosis 
and correlated state of tbe blood in tbe portal district, as usuaby 
happens also in tbe spontaneous cirrhosis of tbe bver. Tbe only 
organs that showed little or no tendency to tbe sclerotic trans- 
formation were tbe tracheobronchial lymph nodes, sometimes 
tbe cervical ones, that were found caseous prevalently in tbe 
latest stage of tbe disease. 


Allergic Reaction. 

Tbe allergic reacthnty evalued, as above mentioned, on behalf 
both of tbe smabest sensibilizing tubercubn dose and from tbe 
superficial extent of the sldn reaction by tbe constant anatuber- 
cubn test, showed a rather significative behaviour, desumed from 
tbe mostly uniform and bnear results. 

It ■was thus demonstrated that tbe frealhrgic period in the 
subcutaneous infected animals lasted about five weeks. Just at 
tbe end of tbe 5tb week we could observe tbe first positive skin 
reaction, and successively a gradual slowly increasing reactivity 
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!s,„J 

|£! 

of 

ndinission 

Initiiik 

Sox 

Age 

D'mgnosis ( 

jyanosis 

Dysp- 
nea , 

during ^ 
rest. 

Icdema V 

f eight loss j 

Liver en- '' 
argement j 

^^enous 

tressure 

1 

! 

14 

J. S. o 

4!) voiirs 
’/io'41 

llypertonin + In- 
comp. cordis -i- 
Intoxicatio di- 
gital. 

+ 

4- 


1.3 kg. 


16 cm 
(”/io) 

1 

i 

i 

i 

i 17) 

i 

1 

1 

{ 

•T. F. o 

(iO yo.'irs 
■. 10 '^1 

Cardiosclerosis c. 
incomp, cordis 
iscjilirosclcrosis 
-j- Hypertonia. 


4-4*4- 

4-4-4- 

19.S kg 

-f4-4- 

~ 

1 

I ’ 
1 

I 

: 

1 

1 

(!. 11 . ,5 

0(1 veiirii 
n' ' 41 ' 

r. r>. o 

44 vc.irs 
■'.u n 

Hypertonia 
5'iyodcconeratio 
cordis cum in- 
comi). 

V. 0. C. incomp. 
(A. 1. M. I.) 

(4-) 

— 

- 

3.G kg. 

0.5 kg. 

1 

-T"i- 

18.0 cm 

7 cm 

i 

1 

i 

j 

1 

j 

A. S. ? 

47 vc'iirs 
'Vii -5' 

Hypertonia cum 
iiicomp. cordis. 

. 

(+) 

— 

j- 


4- -1-4-4- 

13 cm 

1 

i 

; !•' 

i 

i 

j 

1 

K. B. N. o" 
.50 vear-s 
>V,’42 

V. 0. C. incomj). 
(.M. 1. 4- M. S.) 

-p Myodegenern- 
tio cordis. 

+ -r 

» ^ 

- 1 * 4* -4 

11.7 kg 

-f-k-r 

Ascites 

18.5 cir 


j 

1 

i 

r 

1 

20 

51. L. 9 

09 veil I S 

>V/42 

Hypertonia 4- 

5 'lyodcgenernlio 

cordis incomp. 

•i- 

U- 

t 

(-1-) 

4.(5 kg. 

4- 

1 

12 cm 
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Circula- 
tion time 


Auscultation of 
the heart 


X-ray of the 
heart 

Heart voliimo 
ce/m- body 
surface 


X-ray signs 
of lung 
eongestion 


Electrocar- 

diogram 


Drug tests 


26 see. 


Systolic murmur. 
Bigeminia. 


25 sec. 


20 see. 


Systolic murmur, 
max. at apex. 


No murmur. 


Systolic murmur, 
max. at apex. 
Diastolic murmur 
at the aortic 
vah'e. 


(June 1041). Ge 
neral enlarge 
mentSSO cc/m 


(=Vio)- General 
enlargement. 
1000 cc/m-. 


Not carried out. 


General enlarge- 
ment 800 cc/m- 
’/i 2 690 cc/m". 


(]uno 1941) 


+ + 

Small quantity 
of fluid in the 
left pleura. 


47 sec. 


Systolic murmur, 
Axi and Pjj acc. 


Systolic and dias- 
tolic murmur, 
max. at apex. 


19 see 




Systolic murmur, 
max. at apex. 
An aoo. 


Enlargement 
most pronoun- 
ced in the left 
ventricle. 
590/cc/m-. 

Pronounced en- 
largement of 
the heart, mi- 
tral configura- 
tion. Bleasures 
cannot be given 
*Va Heart size 
considerably 
decreased 830 
cc/m=. Fluid 
nearly van- 
ished. 

Enlargement 
most pronoun- 
ced in the left 
ventricle and 
atrium 
870 cc/m-. 


botli 


4 " + 

Fluid in 
pleurae. 

Vis t>o signs of 
lung conges- 
tion, no fluid 
in chest. 

+ + 


Auric, fibrill. 
ventricular ex- 
trasystoles Tj di- 
phasie, Th and 
Tni neg. S-T in-, 
terval depressed 
Digitalis effects? 
’Vio Auric, fibrill. 
•V Coronary in- 
sufficiency. No 
extra systoles. 
Auricular fibrilla- 
tion -j- Left ven- 
tricular prepon- 
derance -f Dis- 
turbances of the 
intraventricular 
conduction. 

Auric. fibrill.Heart 
rate 170/min. -p 
Coronary insuffi- 
ciency. 

Coronary insuffi- 
ciency -f Distur- 
bances of the in- 
traventricular 
conduction 


=Vio Theo. 

phylline 
“Ao Stro- 

pbanthin 
'®Ao Digitalis, 


‘Vio Digitalis, 
“/lo Theo- 
phylline 


Vio Digitalis 


'Vn Metrazol. 
‘Vii Stro- 
phanthin. 
*Vii Digitalis. 


+ + 

Fluid in the 
right pleura. 


Left ventricular 
preponderance -f- 
Coronnry insuffi- 
ciency -f Slight 
disturbances of 
the intraventri- 
cular conduction. 
Auric.fibrill.Heart 
rate 155/min. Ar- 
borisation block 
Coronary in- 
sufficiency. 


*7i 2 Stro- 
phantin 
”/[» Digitalis. 


"Vi Metrazol 
=Vi Digitalis. 


+ + 


Left ventricular 
preponderance 
Coronary insuffi- 
ciency. 


'Vo Thco. 
phylline 
'Vo Strophnn- 
thin. 
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1 I 

, i 

jSub- 

ject! 

No, 


Date of 
admission 
Initials 
Sex 
A"e 


Diasnosis 


J)ysp- 

Cvanosis ,***^/' i Oedema WoiAi' 
^ . fhirmi; 

i rest, ' 




V; 


21 


09 


J. S. 5 
G5 years 
7, 42 

F. S. S 
54 jmars 
'7i 42 


•23 1 M. K. 0 

39 years 

7= 42 


Hypertonia n- 
Myodegeneratio 
cordis incomp. 

Cardiosclerosis 
cum'incomp. cor- 
dis.jDicd ’V? 42. 
P. A. D.: Endo- 
carditis nlcerosa 
peracta cum ste- 
nos, et insuff. 
gravis valv. aor- 
tae. 

Y. 0. C. incomp. 
(H. I. -f S.) 


24 1 V. AY. ^ 

45 years 

»/. 42 

25 jJ. AY. <? 

64 years 

io/. 42 


26 


'! 27 

: (3) 


Cardioartcriosclo- 

rosis cum^ ia- 
comp. cordis. 

Jfyodcgencratio 

cordis incomp. 


Ti 1C \ Y. 0. C. incomp 

ItA. I. +»■'■+ 

“42 




yi. s.i) 


fy-x j - — 

-/« 42 


28 


c V W V. 0. c. incomp. 

(AI+M.S.+ 
yi. I.) Died =7» 
42. P. A. D.: En- 

docardit. cliron. 
valv. nortae cum 

insufficientia + 

Embolia art. 

cerebri rood, 
dxt. 

V. 0. 0. incomp. 

(’yi. I- + 


14." Ur 


■l.r. kc. 


29 


.T. H. ^ 

42 years 

i/„ 43 
D. E. ? 

42 years 


Thyreotoxicosis 

cum incomp, cor- 


dis. 



.0 ku*. 


2. ft kc. 


•ha kg. 


1.1 ke. 


Ai kc. I 


i>4 ' 


n 


\ 

i 

i .. 

• ! 

\ 


12.a k'.'. i 
(nfmrbd'''-; 

thor.a’'’- : 

1 cent'-") 
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Cirouln- 
tion time 

Awcultatiou of 
tlie lioarfe 

X-vny o£ tbo 
heart 

Heart volume 
cc/m- body 
surface 

X-ray sign.s 
of lung 
congestion 

Electrocar- 

diogram 

Drug tests 

55 SCO. 

Systolic imirnpir, 
max. at npox. 

General enlarge- 
ment 1070 
cc/m-. 

+ + 

Auric, fibrill. -f- 
Coronary insuffi- 
ciency. 

'®/i Strophan- 
tliin 

’■/, Digitalis. 

1 GO see. 

1 

1 

1 

Systolic and dias- 
tolic murmur, 
max at apex. 

General enlarge- 
ment 1050 
cc/m". 

+ 4" 

Sinus tachyeordia, 
rate 95/inin, Left 
veutriciiiar pre- 
ponderance -i- 
Coronary insuffi- 
ciency -p Distur- 
bances of the in- 
traventricnhir 
conduction. 

Niccth- 

nmide 

Stroplian- 

thin. 

i 

i 

1 

Systolic murmur, 
max. at apex. 
1st sound abrupt 
and nccentuatod. 

General enlarge- 
ment most pro- 
nounced to the 
right and back- 
wards. 

1020 cc/m*. 


Auric, fibrill. 
single ventrieu- 
lar oxtra.sy.stales. 

Niecth- 

amide 

*/:. Strophan- 
tiiin 

Digitalis. 

15 SCO. 

Isfc sound blurred. 

General enlarge- 
ment 870 cc/m* 

4-4- 

Auric, fibril! -J- 
Coronary insuffi- 
cicney. 

”/-, Stroplian- 
thin. 

■V. 11:0. 

45 SCO. 

Systolic murmur, 
max. at apex. 
Pn ncccntiiated. 

General enlarge- 
ment 1240 
cc/m*. 

++ 

.Auricular fibrilla- 
tion -j- Hiindlc- 
hranch block. 

’/fi Deriphyl- 
iin 

*/„ Strophan- 
tiiin. 

j 45 see. 

} 

Systolic murmur, 
max. at apex. 
Pn accentuated. 

General enlarge- 
ment 900 
ec/m*. 

++ 

Auricular fibrilla- 
tion -1- Coronary 

insufficienev 

• 

*’/,o Mctrar.ol 
■-V,o Deriphyl- 
lin. 

1 43 SCO. 

No cKangc since 
1939. 

(SCO No. 3) 

Configuration as 
1939. 

1280 co/m*. 

++ 

.Auricular iibrilla- 
tion -j- Left ven- 
tricular prepon- 
derance -}- Dis- 
turbances of the 
intraventricular 
conduction. 

"Vie Motrar.ol. 

28 SCO. 

16 see. 

Systolic and dias- 
tolic murmur. 

PlI accentuated. 

Systolic murmur, 
max in Im sin. 

General enlarge- 
ment 800 
cc/m*. 

Pronounced ge- 
neral enlargc- 
mcnt.mcnsures 
cannot bo 
given. 

+ -h 

Fluid in botii 
pleurae. 

(+) 

Moderate quan- 
tity of fluid in 
the right 
pleura. 

Auricular fibrilla- 
tion + Right 
ventricular pre- 
ponderance. 

Right ventricular 
preponderance -p 
Disturbanccs of 
tho mtraventri- 
cnlar conduction. 

*/« Jletrazol 
V; ^Mctrnzol 

'*/» Jletrazol. 
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VORWORT. 


Die vorlicgendc Arbeit wurdc Anfang 1939 an dor !Medizinisclicn 
Poliklinik der Univcrsilat Helsinki in Angriff genommen. Die 
zuerst durch den finniscb-russisclien Winlcrkricg und dann durcli 
den jetzigen Krieg gescliaffcncn ausscrgcwdbnlichcn VerhUllnissc 
haben bewirkl, dass sicb die Vollcndung der Arbeit stark vcrzdgcrt 
hat. jVlein Material ist klcincr geblicben, als gcplant war, da es inir 
seit dem Juni 1911 wegen des Mililardienstes nicbl mdglicb gcwc- 
sen ist, cs welter zu vermebren. 

indem ich diese Arbeit al)schlicsse, sage icli nieinen bcrzliclisten 
Dank incineni hochverclirlcn Lebrcr und friiberen Chef, Hcrrn 
Professor Dr. mod. Osten Holsti, der inir das Thcma zu der Unlcr- 
suchung gegeben, diese mit uncrnnidlicbcni Inlercssc verfolgt und 
niicb, ohne Muhe und Zeit zu sparen, forllaufend angeleilet hat. 

Dem Chef der Olo-Laryngologischcn Klinik, Hcrrn Professor 
Dr. mcd. Ynao klEURMAN, sprcche ich meinen hochachtungsvollcn 
Dank aus fur seine wcrtvollcn Ralscblagc und fiir das Woblwollcn, 
das er meiner Arbeit entgcgengcbracht hat. Yon dcr Olo-Laryn- 
gologischen Klinik habe ich Paticnlcn fiir mein Material crhallcn, 
und dort wurden auch an meinen Patienten die rhino-larjmgolo- 
gische Spezialuntcrsuchungen und die Tonsilleklomic aiisgcfuhrt. 

Dem Leitcr des Stildtiscbcn Epidcmiekrankcniiauses in Ilelsinki, 
Hcrrn Dozent Dr. mcd. Viljo Rantasalo, dankc ich ergebenst da- 
fiir, dass er mir in seiner Anstalt behandelte Falle zur Verfugung 
gestellt hat. 

Herrn Dozent Dr. med. Guido Totterman schulde ich den 
grossten Dank fiir seine wcrtvollc Anleitung in der Diffcren- 
zierungstechnik des Stcrnalpunklalcs. 

Warmstens danke ich den Laborantinnen der Medizinischen 
Poliklinik der Universitat, Fraulein Toini Vainio, Laila Ensio, 
Helmi Huttunen und Frau Doktor Mirjam Krusius, fiir die Aus- 
fiihrung der Blutuntersuchungen. 



Hcrrn Professor Gustav Schmidt, der mit grosser Sorgfalt die 
Obersctzung meiner Arbeit aus dem Finnischen in das Deutsche- 
ausgefvibrt bat, sage icb besten Dank. 

Die Direktion der Emil AALTONEN-Stiftung bat fiir meine 
Untersucbung ein Stipendium bewilligt, das die Durcbfiihrung mei- 
ner Arbeit hochgradig erleichtert bat. 

Helsinki, im April 1943. 


Der Verfasser. 
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I. EINLEITUNG UND FRAGESTELLUNG. 


Den Anstoss zu der vorliegenden Arbeit hat ein Fall (Nr. 21) 
gegeben, der im Mai 1938 an der Oto-Laryngologischen Klinik in 
Behandlung kam. In Frage stand eine an septischer Tonsillitis 
leidende Frau, die einer Tonsillektomie unterworlen \\’erden sollte. 
Aus dem Blutbild ging jedoch hervor, dass die Patientin eine 
schwere Granulozytopenie-Angina hatte. Es wrde beschlossen 
(Holsti, Meurman), die Operation an ihr auszufuhren, da zu ver- 
muten stand, dass sie ohne sie ihre schwere Tonsillenfektion und die 
daran anschliessende Granulozytopenie-Krise nicht wiirde iiber- 
stehen konnen. Nach der Tonsillektomie erholte sich die Patientin 
schnell. Es zeigte sich, dass im Schrifttum iiber derartige Falle 
nur wenig Angaben zu finden waren. Darum beschloss ich, die 
Mdglichkeiten der Tonsillektomie bei den Granulozytopenie-Anginen 
genauer zu untersuchen. Es war mein Bcstreben, mit Hilfe kasui- 
stischer Falle folgende Fragen naher aulzuklaren: 

1. In ivdcber Weise wirkt eine im akulcn Stadium ausgefiihrte 
Tonsillektomie klinisch und Mmaiologisch auf die Angina-Granulo- 
zytopenie-Krise, und 

2. hat dieser Eingriff therapcutische Moglichkeiten? 

3. Um die entsprechende Eimvirkung auf die normal funktionie- 
rende Hdmatopoese zu vergleiclien, untersuchie ich das Sternalpunktat 
und das Bluibild vor und nach der Tonsillektomie in akuten Angina- 
fallen bei Personen, die keine Blutkrankheiten gehabt halten. 

Ausserdem fuhrte ich die erwahnten hamatologischen Unter- 
suchungen bei Patienten mit chronischer Tonsillitis aus, um weiteres 
Licht iiber die mangelhaft bekannte Frage von der Einwkung 
fokaler Entziindungsherde auf die Hamatopoese zu verbreiten, 
Durch meine Arbeit versuchte ich damit auch eine Antwort auf 
folgende Fragen zu finden; 
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4. Sind in den Sternalpunktaten und Blutbildern von Paiimlcn 
mit chronischer Tonsilliiis Abiveichungen von der Norm festzustclkn 
und, bejahendenfalls, von welcher Art sind sie? 

5. Gibt es eine unmitielbare Wirkung der Tonsillektomic auj das 
Sternalpunktat urid das Blutbild hei diesen Patienlen, und, bejahcn- 
denfalls, von welcher Art ist sie? 

6. Sind nach der Tonsillekiomie, wenn die mbgliche direkte Wfr- 
kung der Operation schon voruber ist, weitere Verdnderungen in den 
Sternalpunktaten und Blutbildern zii finden, und, bejahendenjalls, 
von welcher Art sind diese? 

Wahrend der Arbeit stieg nocli die Frage auf: 

7. Konnen aus den Sternalpunktaten und Blutbildern Schltisse 
auf die Funktionstiichtigkeit des Knochenmarkes bei Patienlen mil 
chronischer Tonsillitis gezogen warden? 



II. METHODIK. 


Die Wirkiing dcr akulcn Tonsillilis uiul der Tonsillckloinie 
auf die Hainalopocsc sowolil bei graniilozylopcnisclicn als bci 
gewdhniichcn Angincii wiirdo (lurch Verfolgung dcr Slcrnal- 
punklalc und Blutbildcr dcr Palicntcn unU'vsuchl. Auf die Fragc, 
oh im Slcrnalmark uud ini Blulbild dcr an clironisclicr Tonsillilis 
Icidcndcn Krankcn Vcriindcrnngcn anfznzoigcn sind, wurdc 
in der Wcisc nacli cincr Antivort gcsuclil, dass die Pnnklalc und 
Blutbildcr dicscr Palicntcn mil den bci Gesundcn fcslgcstclllcn 
Normahvcrlcn vcrglichcn Nviinlen. Vcrglcichl man fcrner die 
vor der Tonsillcktomic sownc die zu vcrschiedcncn Zcilcn danach 
aiisgcftilirtcn hamatologischen Untcrsuclmngcn und die Normal- 
ivcrtc niitcinandcr, so ergibt sich aucb die Mtigliclikcif, zii crmitleln, 
ob die Bcscitigiing dos Tonsillcnhcrdes den liamalologisehen Sta- 
tus bccinflusst. Die allgcmeinc klinisebe Unler- 
s u c h u n g dcr Palienten isl dabei von grosser Bcdcutung, da 
wir mitihrer I-Iilfe naclnveiscn kdnnen, ob sic ausscr dcr chronischen 
Tonsillilis anderc Krankhcilen liaben, die mdglichenvcisc auf die, 
Hamalopoese cinivirken. Aus dicsem Gnindc liabc icli allc Pali- 
enlcn sowohl vor dcr Tonsillcktomic als bci den Naclumlersuclnm- 
gen sorgfiiltig gcprfifl. Dicse klinische. Untcrsuchung wire! spider 
in anderem Zusanimcnliang genauer beschricbon. 

Die Slcrnalpunklion -wurde in Novocainaniisthesic 
im allgcmcincn unmillclbar nacb dcr Bliilunlcrsuchung odcr in 
wenigon Ffdlen am Tagc nach dicscr ausgcfiihrl , Bei dicser Anord- 
nung vermcidet man cine Einwirkung des in dem Anaslhelikum 
cnlhallenen Adrenalins auf die Hamalopoese, ivas u. a. von Bhn- 
HAiuou und Nouchy sowie von Paschkis und Schwoneii fosl- 
gcslclll worden ist, Knochenmarksmassc vurde bci dcrPunklion 
nur 0.2 — 0.3 aspiriert, um cincr grosscron Bcimisclmng von 

Blul zu dcrsclben vorzubcugen. Aus demsclhcn Grundc Iropfic 
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ich bei der HersteJlung von Strichpraparaten auf das Obiektala^ 
zuerst einen grossen Tropfen aus der Aspirationsspritze und sauI 
den flussigen Teil in die Spritze zuriick, wobei auf dem GJase reich- 
lich grauliche Knochenmarkspartikelchen blieben, die dann als 
Strichpraparat ausgebreilet ivurden. Das Praparat wurde nach 
GRONWALD-GiEMSAgefarbt. Fur die Bestimmung der Retikulozyten 
wurde aiicli eine Brilliantkresylblaufarbung ausgefiihrt. Bei der Dif- 
ferenzierung der Punktionspraparate teilte ich 400 Leukozyten ab 
und vermerkte zugleich, \vieviel andere kernhaltige Zellformen auf 
diese Menge in dem Praparat vorlianden waren. Die Differenzie- 
rung dieser Zellmenge %vird im allgemeinen als fiir die Geivinnung 
eines qualitativen Bildes von dem Stemalmark hinreichend an- 
gesehen (Segerdahl, Totterman), Die Amvendung einer der- 
artigen Differenzierungsweise empfiehlt Rohr, da sie in mancher 
Beziehung vorteilhafter ist als die direkte Angabe der Hunderf- 
satze fiir die verschiedenen Zellarten des Sternalpunktates. Er- 
stens ist bei diesem Verfahren ein Vergleich mit dem peripheren 
Blutbild leicht. Zweitens sind die Ergebnisse exakter. Die mye- 
loisclien Zellen im Sternalpunktat sind nanilich gleichmassiger iiber 
das ganze Strichpraparat verteilt, wahrend die erythroischen 
und die RetikuIumzelJen oft in Gruppen Jiegen. Beim Zahkn 
einiger hundert Zellen kann man daher oft im Durchschnitt entweder 
reichlich oder sparlich Erythroblasten bekommen, was nicht auf 
die Gesamtergebnisse einwirkt, weil die Zahl der Erythroblasten 
getrennt angegeben vdrd. In den Strichpraparaten ist eine Anhau- 
fung der Zellen an den Randern des Praparates zu beobachten. Aus 
diesem Grunde habe ich ungefahr gleich viel Zellen von den Ran- 
dern vie aus der Mitte des Praparates differenziert. 


Bei der Binteilung der Knochenmarkszellen wrden dieselben Bintei- 
lungsprinzipien und Bezeichungen wie u.a. vonRoHU und Totterman ange- 
wandt. Von einer genaueren Besohreibung der verschiedenen Zellen selie ic ! 
in diesem Zusammenhang ab, aber ich berichte kurz iiber die Einteilungs- 
prinzipien, die ich befolgt habe. Die Prototypen der Erythrozyten mtden 
in 3 Grnppen; in ProerythrO',Makro- und Normoblasten geteilt. Der jungs e 
Prototyp, der Proerythroblast, ist in dem Sternalpunktat selten, o t nur 
sporadisch anzutreffen. Die Unlerscheidung der allerjiingsten ry iro 
blasten von den MyelobJasten hereitet oft Schwierigkeiten. Die Differenzie- 

rung wird dadurch erleichtert, dass um einen solchen Prototyp lau ig 
altere Erythrozjden auftreten, die eine kieine Zellgruppe mit i im i en- 
Die Makro- und Normoblasten ivurden auf Grund der Grosse in er r 
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in verschiedone Gruppcn g^teilt, dass als Normoblasten die kernhaltigen 
Brylbroblaslen gaUen, die die Abmessungen des gewdhnliclien Erythrozy- 
ten zeigen oder etwa doppelt so gross sind. Die noch grosseren Prolotypen 
wurden als Makroblasten gezabll. Das Protoplasma der Normoblasten ist 
gewohnlicli polycliromatiscli oder oxyphil und das der Makroblasten baso- 
phil, aber milunter sldsst man auf Makroblasten, die ein oxyphiles Proto- 
plasma aufweisen. Die Myeloblastengruppe bilden die jiingsten Proto- 
typen der Leukozyten, deren Protoplasma stark basophil und deren 
Kernslruklur leinkornig ist und Nukleolen enthalt. Sobald im Proto- 
plasma eine Granulation zu bemerken ist, handelt es sich schon um den 
Promyelozyten. Diese Zellgruppe umfasst auch verschiedene Reifestadien 
bis zu solchen myeloischen Zellen, deren Protoplasma oxyphil oder poly- 
chromalisch ist und die eine feine Granulation und einen verkleinerten, 
dichlcn und nukleolenfreien Kern zeigen. Derartige Zellen sind als reife 
Myelozyten gerechnet geworden, und zu derselben Gruppe gehoren ferner 
die Zellen, deren Kerne nierenformig, auf der einen Seite eUvas eingezogen 
sind. Die folgende Gruppe der Metamyelozyten bilden reifere Zellen bis 
zu solchen, deren Kern schmal, hufeisenformig ist, wobei es sich schon um 
Stabkernige handelt. Zu den Stabkernigen sind auch die Zellen gezahlt 
Worden, in denen sich Anfiinge einer Segmentation des Kernes feststellen 
lassen,obgleich zwischen den verschiedenen Segmenten keine fadenfdrmigen 
Verbindungsteile zu sehen sind. Zu der Gruppe der Retikulum- und Plasma- 
zellen sind die Plasmazellen, die sellen vorkommenden phagozylierenden 
Zellen sowie die sogenannlen grossen und kleinen lymphoiden Retikulum- 
zellen gestellt. Die grossen lymphoiden Retikulumzellen sind verhaltnis- 
miissig leicht durch das lockere, alveolare Chromatinnetzwerk und ihr 
sclnvach basophiles, oft azuropliile Granula enthaltendes Protoplasma von 
den andercn Zellgruppen zu sondern. Dagegen kann die Unterscheidung 
der den ersteren ahnlichen kleinen lymphoiden Retikulumzellen von den 
gewohnlichen L3"mphozyten Schwierigkeilen bereiten. Da in mehre- 
ren m einer F it lie im Knochenmark eine betracht- 
liche Lymphozytose auftritt, will ich hervorheben, 
dass ich diesem Verhalten Beachtung geschenkt habe. 

Die Sternalpunktion ist eine junge Untersuchungsmctliode, 
aber ihre Vorleile und Grenzcn sind bekannl. Sie ist eine Stichprobe, 
mil deren Hilfe wr Aufschliisse iibcr den Zustand des Knoclien- 
niarkes im Untersuchungsmoment erhalten. Segerdahl bat 
gczeigt, dass, wcnn man aus den Punktaten ein und desseibenlndi- 
viduunis die Menge der Zellen je 1 inm^ berechnet, die Ergebnisse 
erheblich schwanken. Zu den Verscbiedenheiten tragt vor allem bei, 
dass sich dem Punktat immer bei der Aspiration mehr oder weniger 
Blut beimischt. In einem Ausnahmefall kann die Punktionsnadel 
ein Blutgefass des Markes treffen, so dass man beim Aspirieren 
ausschliesslich Blut bekomnit. In meinen eigenen Punktaten habe 
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ylr.concogenesis, however, decreases after extirpation of the pituit- 
“rv. wiiilc after injection of adrenal cortex hormone in hj*po- 
plivsectomir-cd animals the gluconcogencsis increases. For this 
reason investigations n’ere made to discover if the effect of the 
anterior pituitarv on carbohydrate metabolism was conveyed by 
way of the adrenal cortex. 

Vialc’s experiments (25) were of special interest in this con- 
nection. Ide pointed out that glucosuria after total or partial 
])ancreatectom_y on dogs decreased when the adrenals were ex- 
tirp.ated. Epincphrectomy thus had a favourable effect on pan- 
creatogenic diabetes similar to that of hjqiophpectomy. This 
effect is only obtained after removal of the adrenal ’cortex, not after 
demedullation or denervation of the adrenals. By administration 
of adrenal cortex hormone to pancreatectomized and epiiie- 
]dircctoniized animals it was possible to produce liyperglycemia 
and gh’cosuria, and on largo doses the values of the urine sugar 
excreted in 21 hours might exceed those found in pancrcatccto- 
mized animals before the cpinephrectoray. The adrenal cortex 
hormones thus have a diabetogenic affect. 

Eccont investigations have proved that the diabetogenic an- 
terior pituitary hormone has to act together with the adrenal 
cortex to produce its full effect on carbohydrate metabolism. 
(Lundberg (2G).) Injection of the diabetogenic anterior pituitary 
liormonc has no effect on the blood sugar level, and there is no 
increase of the glycogen reserves of the liver in animals in which 
epinejdircctomy lias been performed. However, the glycogen con- 
tent in tlic muscles rises. Tims it seems as if the regulation of the 
muscle glycogen is directly comicctcd with the anterior pituitary, 
while the liver glycogen and the blood sugar are regulated by way 
of the adrenal cortex. 

In p.ancrcatectomizcd and cpinephrectomized rats tlie anterior 
pituitary hormone, which was fully active in animals lacking the 
])ituitary and the pancreas, did not cause glucosuria. If these 
animals, however, were given a certain amount of adrenal cortex 
hormone, there occurred abundant glucosuria after injection of ant. 
])ituilary extract. From this Eussel and Long (citation: Christen- 
sen (20)) came to the conclusion that a certain amount of adrenal 
cortex hormone was necessary to enable the pituitary factor to 
Inue any effect. It was cAndent that there is a synergism betivcen 
the diabetogenic ant. pituitary hormone find the adrenal cortex 
hormones. (Long & Katzin (27) & Fry (28).) 
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korrigicrtcn Hamoglobinwerlc zur Vcrwendung gekommcn. Am 
Epidemiekrankenhaus war die Korrektion (1>17) cine anderc 
als an der Mediziniscken Poliklinik. Infolgedcsscn sind die an 
den vcrschiedenen Krankcnliaiiscrn vorgenommenen Ilamoglobin- 
bestimmungen nicht ganz mileinandcr vcrgleichbar. In bezug 
auf die Dilferenzierung der Lcukozylen bcslehl die Moglich- 
keit, dass die Prinzipicn der Einleilung der Nculrophiien in Seg- 
mentkernige, Slabkernige und Melamyclozylcn in den vcrschiedenen 
Laboratorien einigermassen variieren, und das kann die Zuver- 
lassigkeit der Ergebnisse bceintriiclitigen. Die von diesen Ideinen 
Verschiedenheiten der Melhodcn licrruhrcnden Nachlcile bclrcffcn 
jedocb nur 12 Patienten, namlich die GranulozyLopcnie-Palienlcn 
und die akuten Anginafiillc mit gewdbnlicher Blulrcaklion. Fiir die 
Ergebnisse besitzt es keine praklische Bedeulung, dass die Blul- 
bilder dieser Patienten niclit in demselben Laboratorium ausge- 
liihrt sind, da die Ab^Yeicbungen des Blutlnldes von der Norm bci 
iJmen gross Awen. 

Die Blutbildcr dcr Normalfallc und der Tonsillitis chronica- 
Patienten vairden nacli der glcicben Tcclmik an dcr !Medi- 
zinischen Polildinik und dcr klinisclicn Abteilung ausgefiihrt. 
Bei der Bestimmung des Htimoglobins AAurden da immer dicsel- 
ben drei Salili-Apparate benutzt. Die Mittchverte der vieder- 
holtcn Parallclbestimmungen, die in demselben Blute mit ver- 
schiedenen Hamometern von alien Laboratoriumssclnvcstcrn (4 
Personen) vorgenommen wirden, untcrschieden sich nur um 1 v. H. 
voncinander. Bei der Bestimmung des korrigierten ITiimoglobin- 
werteS konnte also fiir alle Schwestern und Hamometer die glciche 
Korrektion angewandt Averden. Fiir die Ermittlung der Korrek- 
tion AATirden in demselben (Oxalat-) Bint die Hamoglobinbeslim- 
mungen einerseits mit den erAA'ahntcn Apparaten und andcrerseits 
im Mariakrankenhaus mit einem schon friiher im Zoophysiologischen 
Institut zu Kopenhagen standardisierten Apparal ausgefuhrt (AA’obei 
sie von einer Person gemacht Avurden, dcren Korrektion frulier 
berechnet AA^orden Avar), Nach der letzteren Bestimmung Avar der 
korrigierte HamoglobinAA^ert dcr Probe 97.7 %, Avas dem bei der 
ersterwalmten Bestimmung erhaltenen (unkorrigierten) Wert 90 % 
entsprach. Hiernach ist die Korrektion 1.08. Die HamoglobinAverlc 
sind soAV'ohl unkorrigiert als korrigiert angefiihrt. Die Verdiinnungs- 
glaser Avurden nach fruher standardisierten Glasern kalibriert. Bei 




in. MATERIAL. 


Mcii) Unlorsuchungsinalerial iniifassl ini f;;anzi'n 77 Porsonen. 
Yon dicscn \Yarcn 20 sulijckliv nnd olijokliv t>i'siinde Nonnalfrdlc, 0 
Palicnlcn lillon an Gramilozylojicnic-AnRitin, 0 liatten cine fiinvdlin- 
lichc Tonsillitis im aknlcn nnd <15 oino solclic ini (’lironisclion 
Sladinni. 


A, Die Nornialfalle. 

Die Ergelinissc dcr inor]ilioloj'isclu'n Unlcrsnclunig dcs BluUiil- 
dcs nnd dcs Slcrnalpunklatcs kdnncn nicld vdllig VAivorliissig mil den 
RcsuUalcn andcrer Forsclicr vcrglichcn werden, wil soNvnhl die 
subjekliven Eintoilungsgriindc als die Tcchnik dcr vcrsc.hicdenen 
Autoren stcls ohvas voneinandcr alnvcichcn. Das gill ffir das Blnl- 
bild cbenso wic vor alicni fiir das Stcnialpnnktat, bei dem die Ein- 
leilungsprinzipicn bczuglicb dcr verseliiedcncn Zellgrnppen boeb- 
gradig variicren konnen. Jeder Forscher muss daber nolwcndiger- 
wcisc gcsnndc individuen unlersucben, mn von dem normalen 
Knoebenmark nnd dem Blul ein Bild zu gewinnen, mil dem er seine 
bci versebiedenartigen Kranklieilszustanden erreicblen Unlcr- 
sucbnngscrgebnisse vcrgloicbcn kann. Das Normalmalerial maneber 
Forscher (z. B. FonsEU., Nordenson, ToTTEnMAN) entbiiU u.a. 
Personen, die nichl gesund waren, sondern bei denen Krank- 
hcilsziistandc vorlagcn, die bckannlermassen niebt auf die Hiima- 
lopocsc einwirken, wic Neurosen und Gcisleskrankbeiten. Bei dcr 
Einsammlnng dcr Normalffdic babe icb ziisammen 27 Personen 
nnlersnchl. Da sicli bci cinem Teil von ibnen in dcr Anamnese odcr 
im Stains wewobl unbcdculende auf cine Infeklion liiinvciscndc 
Umsltinde fanden, babe icb niebt dicse gauze Zabl vcrwcrlct, son- 
dern mein iMalcrial umfassl 10 Manner und 10 Frauen. Diese Per- 
sonen waren gesund bis auf cine, die an epilepliformen Anfiillen 
gcliltcn liallc. Die Frauen waren liauplsiicblicb Konloristinncn und 
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dialietes. Marianon & Mofros (38) found among 115 cases of 
dystropliia adiposo-genitalis following liypofunction of tlie pi- 
tuitary only 2 cases of diabetes mellitus. But hypofunction of the 
anterior pituitary does not always exclude diabetes rnellitus. 
(John (67), Allan & Eo'^vntree (68), Beldman, Eoberts, Sussel- 
man & Lipetz (69).) 

II. 

Tlie Effect of Pituitary on Basal Iletabolisni. 

The j)ituitary is superior to the thyreoid and governs its acti'vnty 
by aid of the thyreotropic hormone (Aron (70), Loeb et al. (71)). 
After hypophysectomy regressive changes appear in the thyreoid. 
Tlie th}T:eoid has also an effect on the vegetative centres of the 
mid-brain and other endocrine organs, and is closely in tune 
with them. This mutual dependence is necessary for an orderly 
metabolism. The thyreotropic hormone in the anterior pituitary 
stimulates the hormonal secretion of the thyreoid. This effect 
could successfully be demonstrated in young guinea-pigs. After 
injection of anterior pituitary extract the cells of the thyreoid 
follicles swell out, the vesicles become smaller, the colloid is vacuo- 
lised, and probferative changes in the cells take place. The result 
is increased secretion of thyreoid hormone in the blood and a 
higher basal metabolic rate. This reaction is so characteristic 
that it is used as a test for the thyreotropic hormone. 

The thjTreotropic hormone has been isolated from the other 
pituitary hormones and has been found in watery extracts from 
the anterior pituitary. After injection of the hormone, besides an 
increase of the basal metabolic rate, also exophthalmus, tachy- 
cardia and increased irritability can be observed, and the thyreoid 
gland increases in size, while the iodine content diminishes; In 
th 5 T;eoidectomized animals no such symptoms are seen, which 
proves that the effect occurs by way of the thyreoid gland. If 
the hormone acts for a longer time, the stimulating effect on the 
thyreoid is diminished, which should be due to the so-called anti- 
hormones with antagonistic effect on the thyreotropic hormone. 
But many authors deny the existence of these antihormones. 

After hypophysectomy the basal metabolic rate falls, and ad- 
justs itself after a time to a new and lower level. But it is some 
dissension between the various authors how much it falls. Means 
(72) states that the thjTeoid still functions after hypophysectomy. 
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BELATION OF HYPOPHYSIS TO METABOLISM. 

of the thyreotropic anterior pituitary hormone. Attempts have been 
made with injections of the hormone into patients suffering from 
hypothyroidism, but the results have not been favourable. No 
increase of the secretion of the thyreoid can be produced by 
injection of thyreotropic hormone in these patients. The explana- 
tion is probably that the changes in the th}reoid gland in myx- 
edema are so marked that the gland is in great part converted into 
fibrous tissue, and on fibrous scar tissue no parenchyma will 
grow. (Nielsen (77).) Moreover, the usual finding in myxedema is 
an increased content of thyreotropic hormone in the blood. This 
fact speaks against the theory of insufficient secretion of thyreo- 
tropic hormone as the cause of ordinary myxedema in man. 
Neither have there been found any signs of pituitary diseases on 
post mortem examination of cases with myxedema. Most often 
the pituitary is completely normal. In some cases small baso- 
phile adenomas have been found, but it is not proved that they 
are of any pathological significance for the hypothyroidism. 

But still it is supposed that in certain cases tliseases of the 
pituitary are able to cause hypothyreoidal conditions. A number 
of publications respecting myxedema in patients suffering from 
hypophyseal tumors have been issued (Leth Pedersen (78)). 
Transitional myxedema after trauma capitis (Jensen (79)) may also 
be the result of functional disturbances of the pituitary. 

Snapper, Hunter et al. (SO) have described a peculiar syndi'ome 
which they explain as a separate nosological unit, caused by 
pituitary disease. Characteristic for the syndrome is reduced 
basal metabolic rate, achylia, anemia, acrinia, hypogonadism and 
myelitic changes. They also saw excellent effects of a prepara- 
tion containing thjaeotropic anterior pituitary hormone. Some 
other authors, however, have denied that this syndrome has any 
connection with pituitary complaints and interpret it as being 
a peculiar form of spontaneous myxedema in adults, accompanied 
by anemia and assuming a pernicious character. The reason for the 
anterior pituitary extract having an effect should be its content 
of a certain amount of thyroxin. (Nielsen (77).) The question is 
not, however, settled, and the problems respecting the hypo- 
physeal myxedema are still open to discussion. 

The case which is to be discussed in the following pages will 
be of great interest as an illustration of the problems as to the 
pathogenesis of the diabetes mellitus and the hypothyreodism in 
man. 
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der Basophilen, Eosinophilen und Monozyten sind auch koine erlieb- 
licken Unterscliiede zwiscken den Werten Schilling’s und anderer 
zu erkennen. Dagegen ist cine Differenz in den Prozentzahlen der 
Neutropliilen und Ljonphozyten feststellbar. Die Variationsgrenzen 
der Neutropliilen (sowohl der Stab- als der Polymorpbkernigen) 
sind bei den Finnen 47—71 und ihr mtehvcrt 60. Die ent- 
sprechenden Zahlen Schilling’s sind 54 — ^72 und 67. Die Varia- 
tionsgrenzen und der Mttehvert der Lympliozyten sind bei den 
Finnen 21—40 und 31 und bei Schilling 21—35 und 23. Auch 
bei Beriicksichtigung der absolutcn Zahlen sind die Lympho- 
zytenwerte bei den finnischen Forscliern durcbgangig etivas iidiier 
als bei Schilling. Der hochste mittlere absolute Lyniphozyten- 
wert (1924) findel sich bei inir und der nachstlidchste (1869) bei 

AuPELBEnG. 

tiller die norniale Mengc der Blutplattchen besteht vorlaufig 
keine voile Klarlicit. Die nach verscbiedencn Bercclinungsnietho- 
den erhaltenen Werle sind sclnvankend. Mit dem Verfahrcn von 
Fonio, das in der vorliegenden Arbeit angewandt ist, findct man 
als normale Menge der Thronibozjden 250000 — 300000. In ineinen 
eigencn Fiillen betrSgt der iMittelwert dcr Tlirombozyten 267980. 

Die Senkungsreaktion war bei den Manncrn durchschnittlich 
4 mm/St init den Variationsgrenzen 1 — 10. Bei den Frauen lau- 
teten die entsprechenden Zahlen 8 nini/St und 3 — 10. Bei den Man- 
nern waren die Wertc in 7 Fallen 5 mm/St oder darunter und bei 
den Frauen entsprechend in 5 Fallen 8 mni/St oder ivcnigcr. Die 
obere Grenze der normalen Senkungsreaktion liisst sich nicht genau 
ziehen. Die Grenzwerte Westergren’s sind fiir Manner 7 mm/St 
und fiir Frauen 11 mm/St. FAhraeus, Leffkoayitz, Lindstedt 
und Reichel rechnen bei Mannern noch 10 mm/St und bei Frauen 
12 — 13 mm/St als normal. Meine eigenen Ergebnisse cntsprechen 
also den im Schrifttum angeftihrten Normahverten. 

B. Die Falle mit Angina granulocytopenica. 

1. fiber die Granulozytopenie mit besonderer 
Beriicksichtigung der Beziehung z wise hen 
Tonsillitis und Granulozytopenie. 

Den Anstoss zu dcr stark angeschwollenen Forschung tiber die 
GranuIozytopcnie-&ise gaben die 1922 von Schultz mit- 
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wcrtc dcs norinalen BKitbililos. 


Noutr. 

Slab. 

Nciilr. 

Segm. 

Basoph. 

3—5 

51—57 

63 

0—1 

O.a 

48.8—71.3 

60 

48.5-58.3 

58.4 

0—1.3 

0.6 

0—1.3 

0.6 

41.8—51.4 

56.5 

49.2—57.2 

57.7 

1—2.4 

1.7 

0—1.4 

0.72 



4—8 

21- 

-35 

1 

23 

4—10.3 

22.8—38.5 

7.1 

30.6 

3.2— 0.1 1 

24.7—42.5 

5.1 

33.5 

8.4—10 

25.5- 

-42.5 

9.2 

3 1.5 • 

•1.4— 11. C 

23.2—38 

9.35 

20.7 


IS 

1 o 

GO 

CO 

0—1.8 

0.9 

53.4 — 57.5 

59.2 

0.1— 0.6 

0.4 

0.5 — 3 

1.25 

49.23—77 

51.8 

0-2 

0.7 

0—4 

2.9 

55.5 — 74 

54.9 

0—1 

0.45 

0—5.5 

2.5 

36,5—72 

53.7 

0—1.5 

0.54 

0 — 5 

2.8G 

40—74 

59 

0—1.5 

0.77 

1.2— 3.6 
2.3 

50—68.6 

50.8 

0—1.0 

0.5 

0.4— 4.5 

3 

45—53.5 

54.8 

0—1 

0.0 



0.7 — 5.5 
2.8 

O.G— 2.8 
1.5 


1.25—4.5 

2.9 

0.5—1.25 

2.8 


0.5— 6.5 
3.32 

0—4.5 

1.95 


0.2— 3.G 
2.1 

0.4—3 

1.9 


4.4— 9.2 
5.0 

3.8—8 

5.4 


3.75—7.75 

5.75 

3—8.25 

5.1 


4.5—10 

7.5 

2.5—14.5 

7.2 


1.4— 7.4 
4.5 

1 — 10.8 

5.3 


25 — 11.7 
31.7 

25.2—40 

33.5 


IC.75 — 11.25 
27.5 

10.2.5—35 

24.8 


18 — 10 
.32.4 

15 — 13 
28.4 


21.0—38.2 

29.7 

22 — 13.4 
34.6 


0—0.5 

0.21 

0.1— 0.5 

0.22 


0.1— 0.5 
0.21 

0.1— 0.5 

0.24 


0.2— 0.8 

0.4 

0.2—1 

0.4 
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i cillcn teuislisclieii Beobachtungen, bei denen er diesen W 
ratedstend auf cmc bcsondcre spe^ifiscbe InhMion ^u^ucWfihre„ 
dO Kc Hcute mbman ™r an. daas es sicb meisl um cine .aaapbv- 
laktiscJie Knsc dcs myeloisehen Gewebes)) liandelt (v. Bayeb, Bock 
Rohr), dercn klinische Symptome verlialtnismassig gena’u um’ 
grcnzl Sind und die aus mehreren verscbiedenen Ursachen aus- 
I)rcchen kann. Naclidem vor 10 Jabren fast gleichzeitig anf mehre- 
' ren-Seilen (Costen, Kracke und Parker, Madison und Sqoier, 
^^^DEBECH) festgestellt wden war, dass die Pyrazoionderivate 
und init ihnen venvandte, fruher als barmlos betracbtete Medika- 
mcntc cincn Ausbruch dcr Krise.bewken kdnnen, sind im Schrifc- 
tuiu die die Granulozytopenie hen^orrufenden medikamentos- 
toxisclicn Fakloren Gegenstand besonderer Aufmerksamkeit ge’we- 
scn. Ausscr ihnen v.drd den Infektionen in der Patbogenese der 
Granulozytopenie eine udclitige Robe zugesclirieben. Ferner scliei- 
nen auch mclirere andere, seltenere Faktoren die Entsteliung der 
Krise herbcifiihren zu kdnnen, wie endokrine Stdrungen (Jackson 
und Milarbeiter, Thojison% Wilkinson und Israels) und alimen- 
liirc Faktoren (Castleden, Fettes und Whitby). Es ist moglich, 
dass die Granulozytopenie, v,ie Edstrom bemerkt, meist durck die 
kombinierte Wirkung mehrerer verschiedener Ursachen entsteht. 
Yon der Komplizierlheit dcr Patbogenese zeugen Falle, bei denen der 
Patient auf die gleiclie (Angina-) Infektion bald mit Granulozyto- 
penic, bald niit einer normalen Leukozytose reagiert (Ehrjiann 


und PuEuss), 

Fur das klinisebe Krankbeitsbild der Krise ist eine Neigung zu 
Infektionen charakleristisch, die leiebt einen nekrotisierenden und 
maligncn Charakter annelimen. Hin und ■Rueder ist der Entzun- 
dungsprozess in die Tonsillen lokalisiert. Schon. in seinem ersten 
Bericbt fiber die Granulozytopenie erwahnt Schultz die dazu 
geliorende nelrrotisierende Tonsillitis. Und nach der Ansicht 
Friedemann’s (1923) ist die Angina so kennzeichnend fur diesen 
ICrankbeitszutand, dass er fur sie den Namen »Angina agranuloc) 
totica» vorsclilug. Die spatere Erfahrung hat gezeigt, dass die Ton- 
sillitis kein obligatorisches Symptom im Zusammenhang mi er 
Granulozytopenie-Krise ist, obgleich sie sehr gewohnlich auftntt. 
So kam sie in der 330 FaUe umtassenden Statisfak von TAUssro 

und SCHNOEBELEN ZU 74 % vor. 

Es liat sich als sclnvierig erwiesen, aufzuklaren, welchen A 
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dancben verdachtigten Mcdikamentes gericlitet n.V r 
der Behandlungsresultate ist jedoch sclnvierig, ^veU 
Heilungen vorkommen. Sogar sclnvere Falle in 
delinte Nekrosen vorliegen, konnen spontan heilen. 

•allgememe Erfahrung. dass die Ergebnisse bei der Amvendun! 
erschiedenartiger die Myelopoese anregender Beliandlungsvef 
fobren unsicher sind. Nacli wie vor ist die Prognose der 
Granulozytopehie-Krise bei der Anwendung der vorenvahnten 
Tlierapie als scbleclit zu betrachten. Das zeigen deutlich die 1939 
von Jackson und Tighe aus dem Schrifttum zusammengestellten 
390 Falle, in denen das Mortalitatsprozent 45.6 betrug. 

Einc andere Tlierapie richtet sich auf die Bekampfung des 
MekLionszusiands, der sich im Zusammenhang mit der Krise ent- 
■svickelt. Dabei kommen vor allem die Granulozytopenie-Anginen in 
Betraclit, also Palienten, bei denen die sich in Verbindung mit der 
Krise cntvickelnde Infektion in die Gaumenmandeln lokalisiert 
ist. Audi in solchen Fallen hat man die Hauptaufmerksamkeit 
der Stimulation der Hamatopoese zugev/andt. In der Literatur 
finden sidi nur wenig Angaben iiber Patienten, bei denen die 
Beliandlungsmassnalimen aussdiliesslich oder vorzugsweise auf die 
Hcilung der Tonsillitis geriditet worden sind. Zur Bekampfung oder 
Obervindung der Tonsillitisinfektion konnen bekanntlichverscliic- 
dene I\Ietlioden ange^Yandt werden. Ives hat einen und Mendes 
DE Leon zwei Falle verdffentlicht, in denen eine scliwere Granulo- 


zytopenie-Angina nacli massiver Sulfanilamidmedikation zur Heilung 
gelangte. Ausser medikamentdser Beliandlung kann auch cliirur- 
gisclie Tlierapie, d.h. die Ausfiihrung einer Tonsillektomie wahrend 
der Krise, in Frage kommen; Auch diesem Verfahren istimSclirift- 
tum nur wenig Beaclitung geschenkt worden. In einigen Arbei- 
ten wird die Mogliclikeit der Tonsillektomie bei der Granulozyto- 
penie-Angina behandelt, aber vor cliirurgischen Eingriffen wahrend 
der Krise gewarnt, eine Auffassung, die damit begrundet vird, 
dass die Heilung der Operationswninden in Ermangelung von Gra- 
niilozyten scbleclit sei. Es sei eine schwere Nelcrotisierung der 
Schnittstellen zu erwmrten, wodurch die Entstehung eines septiscien 
Zustands befdrdert werde. Diese Ansicht aussert z. 
nocli in einem 1939 erschienenen Aufsatz. Auf demselben an 
punkt stehen auch Kruger, Seiler und Strasser. Diese Au - 
fassung stiitzt sich jedoch auf keinerlei systematische lint 
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sudiungcn. Viellciclit griiiulct sic sich auf Failc, in dcncn die 
Krise nacli vcrschicdcnarligen chirurgisdicn Ehigriffcn zuin Yor- 
sdiein gdvoinmen isl und aiif die u. a. KnuGEU hiuweist. So lial 
Hill iiber zwei Fiillc licriditct, die unmiltdbar nadi cincr Zalui- 
exlrakiion ausbradicn. Vor dcr ^fassnabme war das Blulliild in 
deni einen dicser Fallc normal, in dem anderen wird niebts dariiber 
crwiilinl. BnOGSiTTEn und v. Kuess liabcn einen Palicntcn 
bcsdiricbcn, bci dem sidi nadi dcr Tonsillcklomio wegen , 
ciner rezidivierenden Tonsillitis cine lelalc Granulozytojicnic enl“ 
wickcUe. Audi Seifeiit hat iiber einen almlicbcn Fall berichtcl. 

Von den Blulbildcrn vor der Tonsillcklomic bci dicsen Palienlcn 
ist nidils gesagt. 

Fiir die liculc hcrrschcndc Ansdiaming ist cine ini Arch. Ini. 
IMedicin 1940 ersdiiencnc Bcspredmng kcnnzcidincnd, die Bei- 
siANN iiber cine von Holsti, Meuh.mak und niir veroffenllidile vor- 
liiufigc Milleilung iiber einen Fall (Nr. 21) gab. Er scbreibl: i>.\.s 
examples of tlic type of misleading and unconlrolled information, 
ivhicii editors of medical journals occasionally accept are papers in 
which the autors recommend lonsillecloniy for the Ireatnicnl of 
granulocytopenic angina.)) 

In dcr friiheren Lileratur habe ich cinige mil Tonsillekloniic bc- 
handelle Fidle von Granulozytopcnic-Angina angclroffcn. Ich 
babe diosc Fallc in Tabcllc G zusaninicngcslcllt und versuchl, 
ihren Schweregrad auf Grund dcr klinischen Synijitomc und 
der Blulvcranderungcn zu analysieren. Bci dem von Mauscuiiv 
bcschriebcncn Palicnten wurdc cine cinscitige Tonsillcklomic 
und cine Jugularisrcscklion ausgcfiihrl, wobci das Blulbild 900 
Lcukozylen und cine slarkc Neutropenic zcigle. Die Heilung ging 
sdincll vor sich, aber cinige Wodien spiiter bekam dcr Patient 
cin Rezidiv auf der anderen Scilc. Audi dicsmal wurde cine 
Tonsillcklomic gemacht, dock w'ar die Wirkung nicht so dcul- 
lich. Dcr Patient voirdc zwar geheilt, aber erst nach vcrhallnis- 
miissig langcr Zeil, nachdem er aucli Bonlgenthcrapic in das 
Mark dcr langen Knochen bekommen hatlc. Bci dcr Palienlin 
von Y ESTERGHEN zcigtc das Blulbild cine deullichc Remission, 
aber cs cntwickelle sich innerhalb ciner Wochc nach der Opera- 
tion eine letale Pneumonic. Kindler hat die Tonsillcktomie 
bci cinem und Grahe bci zwei Palicntcn ausgcfuhrt, bci dcncn 
ausscr der Granulozylopenic cine schwerc Aniimie aiiflrat. In 
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Tabelle 6. 

Mil TonsiUeklomic beliaudelte Falle von Angina granulocylojicuica. 


.\utor 


Art der 
Krise 

Komplikationen u. 
Nebenkrankheiten 

Zeitpunkt der 
Tonsillektomie 

-Mausciiik 

i 

1931 

1 

1 

1 .Scluvcr 

. ! 
Thrombosis v. 
jugularis 

Nicht envahnl ' 


Ghaiie 1938 


Polyarthritis 
Pneumonia. 3 

Mastoiditis 

Pneumonia. Schwcre 14 
Dcntalintcktion 

21 


17 Tage nach dcr Krisc Gcstoiben 


3 » DU » I Geslorben 


fi a ft 


Pueumonia. 

Anaemia gravis 

Grosse Nekroscn d. 28 » 

W’angenschlcimhaut 

Mastoiditis " 

(Authrotonua) 


Gcheill 


Lcicht 


Kindeeh 


Otitis media. 

Anaemia gravis 1 

’Gro7se Nekroscn d. 

Wangcnschleimhaut 

u. d. Zahnfleisches^^ 
Sch^verc Anamie 


21 D ’> * 

Nicht enviihut 


(2 Mon.spalci 
an Leubamie 
gestorben.) 

1 Geheilt 1 


LlNCK 


ViBKKUNEX 


- Nach Tonsillektomie » 

und Zahnextraktion 

Nckrosen und Seque- 

strierung des harten 

Gaumens___ -g-TagTna"ch'derirrTs”e ' » 

Nekroscn m den ^ 

_ TnvTtar;;' rX— 

i I -rfage nach de_r Kvise 

BronchiU^ __ — ^ ^ » 


iPneumT'CHcilungs- 3 » 

stadium). Entenfe_ 

zrr'n 8 » 

Pneumonia J- »• 

NephrosN 

Pneumonia 

ATpfliastinitis j 


"Gestorben 
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dicscn Fallen liamlcllc cs sich nichl um cclile Granulo/.ylo- 
penie. t)ber clcn crslcrcn Fall haben auch Yoit uiul Landes 
in eincr Arbeit bcrichlct. Es zeigte sich bci (iem Patienten 
vor der Tonsillcktomic das Krankhcilsbild dcr Panmyoloplitliise, 
und er starb ein paar ]\Ionalc spiilcr, wo das Blull)ild und die 
Obduktion die fiir die akulc IMyeloblaslcnleukainic cbarakleri- 
stiseben Zeichen henwlrclen licssen. Bci den Patienten von 
Grahe fchlen genauc Angabcu iiber den hamatopoclischen Zusland. 
Sein klatcrial enUuilt ausserdem einige sclnvcrc scptischc Fallc, bei 
denen zu dcr Tonsillitis liinzii auch anderc cntzundlichc Lokalisa- 
tionen auflratcn. In den beiden Fallen von LiNCicnalimcn die Blut- 
vcrandeningcn nach dcr Operation zuerst zu, und in den Wund- 
flachen cntwickcltcn sich Nekrosen. Die Patienten genasen allinali- 
lich im Lauf von ein paar Wochon, nachdem sic BluUransfusionen 
bekommen ballon. 

Lixgk hat auch iiber einen Fall bcrichlcl, in deni dcr eigenl- 
lichc Kriscnzusland untcr konservaliver Bcbandlung sich verbes- 
serte, aber ein fortbestchender Icichtor granulozylopcnisclier 
Zustand zuriickblieb, der 3 Monalc spiiter nach Tonsillcktomic 
vollig vcrscinvand. Der Patient hatlc keinc ausgcs))rochenen 
Syniptomc von Tonsiliili.s, aber bci der hislologischen Untcr- 
suchung -wurden in den ]Mandelu dcutlichc cntziindlichc Veran- 
derungen fostgcstclll. Sehr ahnlich ist der Fall von v. Gardos. Die 
betreffende Siiihrige Patientin hatlc die cigcntliclie Krisc iiber- 
slandcn, doch war ein chronischer granuIozjTopcnischcr Zustand 
zuriickgeblicben, mil dom sich cine andauernde Subfcbrililiit ver- 
band. Nachdem der Zusland 4 klonatc unverandert angchallcn 
hatlc, wurde cine Tonsillcktomic ausgcfuhrt. Danach wnrde die 
Patientin klinisch und hiunalologisch gcljcill. Derarligc Bcob- 
achtungen sind auch im Minblick auf die Diagnose von Fokal- 
herden vichtig, da sic zeigen, dass solchc Hcrde auch Lcuko- und 
Granulozytopcnic hervorrufen kbnnen. 

In einigen Verdffentlichungcn ist die Tonsillcktomic mit gewssem 
Vorbehalt empfohlen worden. Zange aussert die Ansicht, dass cs 
bei den Granulozylopenie-Angincn wichtig sci, zu anal 3 ’'sicren, oh 
die Tonsillitis primar oder sekundiir ist, Im erstcren Fall befilr- 
wortet er die 1 onsillektomie. Ist die Tonsillitis dagegen sckimdar 
infolge von Blutveranderungcn cnUickelt, so bctrachtel cr cine 
Operation wegen der Ausbreitung der Nekrosen und wegen der 
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Scpsisgofahr als kontraindiziert. In solclien Fallen sollte seiner 
klciniing nach ziicvst clurcli einc die Hamatopoese stimulierende 
Thcrapie die Krise iibermmden und erst danack dieTonsillektomie 
vorgononmicn werden, wo die Sepsisgclahr bei mogliclien neuen 
Kriscn gcringer sei. Er hat cinmal nach ciner Krise (he Tonsillek- 
tomic ausgcfuhrl, die der Patient gut vertrug, Der Auiiassuns 
Zange’s sind u. a. Kiebel und Wessely beigetreten. AuchMAir 
empficblt die Tonsillektomic als prophylaktische Massnaknn; 
in rczidivicrcndcn Fallen wabrcnd der Inter\'alle zwischen den 

K^'isen. ' , .r., 

Aus dem obigen t3berblick gcht hcrvor, dass die im Sclirifttnm 

vor«clc«lcn Auffassungen fiber die hldglichkeilen der Tonsillekto- 
mic'’ bei Fallen mit Granuloz^Topcnic-Angina einander nrder- 
sprcchcn. tjbcr dicscn Eingriff liegcn nur wenige und teibveise 
mangclbaflc kliniscbc Erfabrungcn vor. 


o. E i « c n c U n I c r s u c h u n g e n. 

der SeUciilioil cler Jj” Epidcroictaiikenliaiis (icrStadl 

F„n 2.' (AW.’O der klinischeu « 

31. 5._g. 0. IMS. "jfss’ ,i„rn.-Nr. IHW 

n der M Sr'X « 

von pcrniriesor wio Irai als Kind to eUgemew 

Orllsylopcme nuf f C « W.re -ederholt ^ 

falir cme leicMe Rtohenschmenen. ^ 

Im Januar 1938 aJJ „,veilelzten Monaten besonders ^ 
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i i nt!»r,tle>»nr. CD 

Abb. 7. FaU 21. 


Laufc von •! Monalon goiiomnu-n wtinb-. Am 2b. 5. lOUP crbrankle die 
Paliontin mil RnchenscUmer7.on umi Fieber. (Die Tocbler Imtle ein jornr 
Tape Yorhcr cbcnfallj: cine Anpiiia bukommeii.l Am Tage nacli der Er- 
kraiikung SchdttcUro.';!, dor ppiiter bi< jur Aufnahme in die Kiinik 2 — 3 
mal liiglidi auftral. Fiobor zwischeti 38® urnl 3',)®. ^^nn Anfang <ier .Angina 
an hat dio Palicnlin nnrogelmru;.>;igS»lfairdamid, im ganzen ,*> — bp. penom- 
TOcn. 

SI. pracson.s am 31.5. 1938: Korperbau uini Ernidtrm)p.<7U‘;!:ind 
Rowolmlicl). Allgcmeinbelindon scldechl. 'romji. 39. f.’'. Die I’alienlin i.*-! 
bl ess und hat Kall.sclnvoi.ss. GI. thyrooidoa gmvdhnlich. .Seiesoriiim klar. 
Vom Norvonsy.slcm nichls 7.U orwidmon. Ihds freijnenl, sveitdi. llerz o. It. 
In hcidon Lungen trockoncs und 7.ahes Rasscln. Mundsehleimhanl Irorkeii. 
gordlet, koine Nckroson. Roide Tonsillon stark geriitel, von der Grd.s.^e 
einor gros.son Damnenkuppo. Auf dor Ohorflivcho <(or Tonsillon weder 
Boliigo nocli Nckroson. Untorhalh dor beiden Mandiludarwinko! in dor 
Jugularisrcgion oitvigc fast fingwndpro.sso, leichl .sclimerxhaflc Lympli- 
knolon. Bancli o. B. Harn; Eiw. — . Far.e.s; Wnrmeier^ — . Wagner — . 
WR — . Kalin — . BlnlknUnr — . Stornnlpnnktal in Tnbelle M. Blnt- 
bildcr in Tabollc 15. 

D 0 c n r s u s; Am 31 . 5. 1938 Tonsilleclornia bilalorali.s, Dio Ton.sillen 
werden mil der Kapscl unter Schonimg der Gaumonbdgon abgeldst. Sie 
Idson sich leiclil. lo.s. Narbenadharenr.on odor peril on.siDiire Ivilerlierdo .sind 
nicht fest7,iislellen. Wundflachcn glall. Dio Tonsillon danmen.sjiitr.en- 
gross. Darin koine makroskopi.sdion Veraiidcrnngon. Ilioi dor von Prof. 
0. floLSTi ausgcfnhrlon histologi.schen Unlor.sudnmg w.iron kleino nelcro- 
Ji.solio Hordon nnd Zoidien oinos frisdicn ulzoralivon .sowte cinos vornar' 
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33enden Prozesses zu konstatieren.) Ahgesehprr vnn a 

die Patientin mit Prontosil (an zwei Tagenl und^r^°"f 
dell (eiehe Abb. 7), Nach-dee OperaUon verschSd dat S’’"'" ‘*"- 
Jagen and der Allgemeinaasland TBAasserle sich scb„en n" 'nf ^ 
der WvindfJachen schritt normal fort. ^ 

Spater nach der Operation war das Befinden der Patientin mit ai. 
gemembefinden war besser als in ein paar Jahren vor der ToLillektoi^e 
. ^ 1939 erkrankte die Patientin an einerfieberhaften Bronchi))/ • 

mfeklion, von der sie sich schnell erholte. Im November 1939 bekam sie 
wieder erne Broncbitjs mit hohem Fieber. Zwei andere Familienmitgii^der 
batten etwas vorher oinfluenza.) gehabt. Diesmal dauerte die Infekiion 
erne WocJie. Bei beiden hfekthnen traten die GranuIozytopenie-’Veran- 
derungen irn Blute in leiebter Form ernent anf. Laut MiUeilungim 
Dezember 1942 ist die Patientin andauernd vollstandig gesund. 


E p i k r i s e: Eine 36jahrige Frau, in deren Familie zahlreich 
Blutkranklieiten vorgekominen sind und die selbst eine danerade 
leichle Lcuko- und Neutropenic hat. In der friiheren Anamnese 
eine rczidivicrcnde Tonsillitis. Sie erkrankte an einer Granulozyto- 
pcnic-Angina und hatte vor der Erkrankung im Laufe von 4 Mo- 
naten 7 — 8 g Amidopyrin und wahrend der Krise 5—6 g Sulfanilaroiti 
genommen. Eine Tonsillektomie vmrde 7 Tage nach dem Beginn 
der Krisc ausgefuhrt. Die Patienten genas schnell. Sie hatte auch 
Leberinjcklionen und gcringe Mengen Prontosil bekomnien. Spater, 
im Anschluss an zwei Respirationsinfektionen, kam es wieder zu 
leiclitcn granulozydopenischen Veranderungen im Blute. 


Fall 22, (Abb. 8.) 18jahrjger Arbeiter. In der Oto-Laryng. lUinik 
15. 12.- — 20. 12. 1938. (Journ.-Nr. 1135.) 

Anamnese; tJber die Familie ist nichts zu bemerken. Der Patient 


ist im allgemeinen gesund gewesen. Weder Neigung zu Angina noch zu an- 
deren Infelctionen. Am G. 12. 1938 erkrankte er mit Rachenschmerzen und 
Fieber ad 38.5°. Wahrend der folgenden Tagen veiblieb der Zustand 
unvertindert, weslialb der Pat. sich am 13. 12. in die PoliWmik des 
stadlischen Mariakrankenhauses begab. Dort wurde wegen V^dacbtsaid 
einen Peritonsillarabszess eine Inzision gemacht. Es kam ]e oc ’ 

Filer. Von dort wde Pat. in das Bpidemiekrankenhausgesandt.uoer 

zwei Tage war und insgasamt 3 g Sulfanilamid bekam. Am lo 12 ^vu^ae 
er writer r,.r Tonsillektomie in die Umversilals.ObrenkKmk gesch d ■ 
St vraesens am 15. 12. 1938: ICraftig gebauter Mann dessei 
Allgemeinzustand nicht besonders belastet ist. Temp. 

Kieferwinkel bei'derseits eine daumenspitzengrosse, lembt emp i 
Driise, anderswo keine Drtisensciiwellungen. Innere Organe • . 

dampfung gewdhnlich. Harn: Biw.-. Nyl-. WR- 
nalpunktate in Tabelle 14. Blutbilder m Tabelle 15. 
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Offnen dos .Mvuidi's otwas orsrliwurl. Mundpclileimliaut pordtol, zioin- 
licli Irockcn. IJnkc Racli(>ritnan<Id roiclilicli (aiihonoigross, i^'f'dtinscii, 
gcrdlet, sclileimliedeckl, stark mediahviirts varsrliobcn, so dass sidi iliro 
Innnnflaclic his zur Miticllinie orsfrockl. Das piTitonsillarc Gewcht- lalcral- 
wiirt.s uiul obcrlialJi dor Tonsilic hodc'iiloiid angoscliwolloti und gorolol. 
Oherlialh-latoral von dor Tonsillo oinc -y, cm lango Iiizisionswimdc, aiis dor 
ziomlicli roichlicli golhor, slinkendor Eilor komml. ,Ms dio Wniido asjii- 
rierl wird, solicinl os, als soi dor Solinill gorado in das Tonsillongowcbo 
gogaiigon. Uvula rot, iidcmatds, olwis nncli rorlils gow.indt. Ainli dor 
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vordoro Gaumonliogon stark gcscbwoUon mid goriilot. Rooliio Tonsillo 
fingor.spitzongrnss, otwas gorolot, darin oin paar Flooko. Koino IVriton- 
sillitis. Dio Hinlorwand dos Radions olwas gosrlnvollon, gordlol 
scliii’iniig. * 

Dccursus: 10 . 12. 39;i8 Tonsilloktomio. Dio linko Tonsillo win! 
mit dor Kajisol unlor Solioming dor Gamnonlidgon altgoldsl. Dio Tonsillo 
oinigerniasson mil ihror UniRolmng vorwaohson. Das porilonsilliiro Gowoho 
fester als gowulinlicli, gosohwollon. Ein Peril onsillaral.sross isi „iohl 

zu fuulen. Tonsille pflanmongross, Gowol.o sprd.lo, riitliclu In, ,!or 

Tons, lie koine Narl.on. Dor in den vo,-dcron Gannumlmgen gob-gto Sol, nil | 
gohf goi-adeans in das Tonsillongewolie dnroli ilio Tonsillo Ms ,,, ,i,.„ 
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teren Gaumenbogen. Das Tonsillengewebe in der Wand des SdiniltkaiK<h 
belegt, etwas nekrotiscb. Die recbte Tonsille iingerspitzengross, lost sick 
leicbt mit der Kapsel ab. Gewebe von normalem Ausseben. 

Nacb der Operation verscbwand das Fieber schnell, und der Patient 
befand sicli wolil. Die Wundflachen heilten normal. 

• Na.cb\intersucliungen am 18. 1. 1939 und 15. 2. 1939. Das Befindendos 
Patienten war wahrend der ganzen Zeit gut. Operationsw-unden get 
geheilt. 



S'in imahriaer Mann, acr znm ®wl a» 

P * “ " ' ni mJtoJ spater m.rde wgen VeraacMs.™ 
^ngina erkrankte. gemadit, aber cs nnrek 

•cAj3b 9) iTjahrige Hausangestellte. In der Oto-Lar>ng. 

Klinik 11 S:-2a. 12. 1938 . ivar ak 

An a m n e s e: Fam. bar o. B Anginen, d.n jc cm gr 

Jahren erkrankte sind nicht ^ 

dauerten. P^^^onsdlarabszes^e li )■ 

1 12 . 1938 wurde sie m der ^ (Infectio exlragenilol s) 
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fingerspitzengrossen Knoten an der Unlerlippe bekommcn. und 

Kahn +. Kombinierte Neosalvarsan-Wismutkur (4.5 g Neosalvarsan und 
2 g Wismut). Am 9. 12. 1938 (etwa eine Woche nach Abschluss der Kur) 
stellten sich Fieber und Rachenschmerzen ein. Der Zustand verblicb 
unverandert, weshalb die Patientin am 15. 12. die Poliklinik des sliidlischen 
Mariakrankenhauses besuchte. Hier wde wegen Verdachts auf einen 
Peritonsillarabszess eine Inzision gemacht, aber Eiterlierde wurden nicht 
angetroffen. Der Patientin \vurde ein Medikament (SuUanilamid?) verord- 
net, das sie zu Hause nehmen sollle. Wieviei sie davon gebraucht hat, 
ist nicht festzustellen. Am 18. 12. kam sie in das Epidemiekrankenhaus, 
von wo sie weiter zur Operation in die Ohrenklinik geschickl wurde. 

St. p r a e s e n s am 20. 12. 1938: Konstitution gewohnlich. Allgemein- 
zustand massig. Temp. 38.6“'. Keine Driisenschwellungen. Nervensystem, 
Herz, Lungen und Bauch o.B. Offnen desMundes elwas erschwert. Foetor 
ex ore. Mundschleimhaut normal. Linke Tonsille gerdtet, angeschwollen, 
tastpflaumengross. In der Hdhe ihres oberen Polesein querlaufender, 1.5cm 
longer Schnitt, durch den graues, bedecktesnekrotischesGewebczusehen 
ist. Aus dem Schnitt kein nennenswertes Sekret. In der Umgebung des 
Schnittes oberhalb und lateral von der Tonsille eine peritonsillare An- 
schwellung, in deren Bercich die Schleimhautgerotetist. Dieangeschwollene 
Tonsille verschiebt die gerdtete und gedunsene U^mla nach rechts. Die 
rechte Tonsille fingerspitzengross, leicht gerdtet. Auf ihrer Oberflache 
Schleim. Sternalpunktale in Tabelle 14. Blutbilder in Tabclle 15. 

D e c u r s u s: 21. 12. 1938 Tonsilleklomie. Es wird feslgeslellt, dass 
der Inzisionsschnitt das linke Tonsillengewebe getroffen und die Tonsille 
so durchtrennt hat, dass oberhalb der Schnittstelle ein bohnengrosses 
Stiick verblieben ist. Der unterhalb befindliche reichlich daumenspitzen- 
grosse Teil der Tonsille wird mil der Kapsel entfernt. Ein Peritonsillar- 
abszess ist nicht zu entdecken. Der oberhalb der Schnillstelle gelegene 
Teil der Tonsille wird weggenommen. Die Gaumenbdgen bleiben intakt. 
Die rechte Tonsille ist fingerspitzengross und Idsl sich leicht ab. Gewebe 
der linken Tonsille sprdde. Auf seiner medialen Oberflache kleine nekro- 
tische Gebiete. 

Nach der Operation hat sich das Befinden der Patientin sowohl sub- 
jekliv als objektiv schnell gebessert. Zustand bei der Entlassung aus der 
Klinik am 29. 12. 1938 gut. Wundfliichen sehr sauber. Keine nennens- 
werten Schlingbeschwerden. 

E p i k r i s e: Eine 17jahrige Frau, die friiher eine rezidivierende 
Tonsillitis gehabt hatte, bekam wegen einer Luesinfektion cine 
kombinierte Neosalvarsan-Wismutkur. Eine Woclie sp'ater er- 
krankte sie an einer Angina. 7 Tage danach Vvmrde wegen Yer- 
daclits auf einen Peritonsillarabszess eine Inzision gemacht, aber 
es nmrde kein Eiter angetroffen. 6 Tage spater vairde eine Granulo- 
zytopenie festgestellt und eine Tonsillektomie ausgefiihrt, worauf 
die Blutveranderungen schnell verschwanden. 
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Fall 24.^ (Abb. 10.) ISjiihriges Schulmadciion. Iin Prival.Icranken- 
haus Mchilaincn 11. 8. — 31. 8. 1039 (Nr. 2171.) 

A n a m n e s e: Der Valer und seine Scliwcslcr leiden an chroniscber 
Polyarthritis. Vor 3 Jaliren lialle die Patientin cine mehrere Monato 
dauernde Fussgolenkontziindung, die als tuberknlds verdiicbtigt -nairdc. 
Rdnlgenologisch wies das Gelenk keine Veranderungcn a\if. Pirqvicl war 
negaliv. Im Dezcmber 1938 bekam sic Masern, die oline Koinplikationcn 
heillen. Im Fruhjabr 1939 oft Icicliter Huslen. Anginen sind friilier nie 
vorgekommen. 

Am 20. 7. 1939 erkrankle die Patientin an eincr akuten Naso-pharyngi- 
tis-Infeklion, wobei das Fiober auf 39° stieg. Das Ficbcr sank in ein paar 
Tagen, aber einige Tagc spilter rezidivierlc es. Daboi wurde Broncliilis 
feslgestellt. Ausscr Huston hatte die Patientin wiederliolt leichtcs Nason- 
bluten. Ein paar Tage danach waren in dcrSpilze der rechlen Lunge auf 
eine Pneumonic hinweiscnde Zciclien zu konstatieren. Das Fieber sank 
allmahlich, aber in der Spitze der rechlen Lunge besland forlgcsclzt eine 
Diimptung und teuchtes verharteles Rasscln. Bci zwei Hnlersuchungen 
land man in dcm Aus^vu^f keine Tubarkelbazillcn. Soil dem Beginn der 
Erkrankung hat die Patientin 5 g Sulfanilamid und 22 g Sulfapyridin 
genommen. 

St. praesens am 11.8.1939: Kdrpcrbau gcwdhnlich. Das sub* 
kulane Gewebc ziemlich spiirlich, nichl roduzierl. Koine Driisenschwcllun- 
gon. Nervonsystem: o. B. Herz: o. B. Lungen: Im Spitzonlcil der rechlen 
Lunge eine deutUclio relative Diimpfung und reichlicli feucblcs, verharteles 
Rasseln. Rachen und Bauch; o.B. Harn: Ehv. — . Nyl. — . Filzos; Wurm- 
eier — . Wagner — •. Sputa: The — . Stcrnalpunktalc in Tabclle 14. Blul- 
bilder in Tabelle 16. 

Rontgenuntersuchung der Lungen; Die rochtc Spitze 
kliirl sich beim Huslen nicht ganz auf. Die Diapliragmen bewegon sich 
gut. Die Sinus frei. Unterhalb des rechlen Schliisselbcincs ein ctwa 
ganseeigrosscr Ringschalten (cine Hohlc?) naher bei der Hinterwand. In 
der rechlen Spitze Fasern und Flecko. Das Mediastinum mehr rechls als 
gewdhnlich. Das Herz o. B. 

Decursus: Am 11. — 14. 8. nahmen die Lungenveriinderungen 
allmahlich ab, so dass nur bronchovesikuliires Almen und sparlich ziihcs 
Rasseln zu horen war. 

Am 16. 8. wurde eine Magenspiilung ausgcfuhrt, urn in der .Spulfliissig- 
keit nach Tuberkelbazillcn zu suchen. Am Abend desselbcn Tages stieg 
das Fieber plotzlich auf 38.8°, und in der folgendon Nachl fuhlle die Pali- 
enlin Schmerzen im Rachen. 

17. 8. Rachen diffus gerdtet, ebenso die Mundschleimhaul. Beliige 
smd nicht feslzustellen, aber auf der linken Rachenmandel findet sich eine 
ganz diinne netzformigo Haul. Unterlippe geschwollen. Rdnl^en- 
u n t e r s u c h u n g: Die rechte Spitze klart sich beim Huslen nichr auf. 


Noponen freimdliclist iibcriasscn. wofUr 
ich ihin memen bcslcn Dank aus.sprcche. 
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stecknadeJkopfgrosse FhckT, ^ Rdt^ng^der reLten^Torir"''"' 

f=r “.5-— “ - * -s 

etwas empfmdhche Driise. Spater am Tage Scktittelfrosl Allgemeintu’ 
stand schlechter, Patientin sehr mMe. Rotnng und Schwedung der Toa 
sdien gesteigerf. Die Patientin bekam eine Diarrhde, die. allmahlichi 
lassend 10 Tage lang bestand. Darauf wrde nach Konsullation mil 
Prof. 0. Holsti und Chefarzt Dozent V. Rantasalo am 19. 8 abends 
eine.Tonsillektomie ausgefuhrt {Dr. med. P. Koskimn). Unmitlelbar 
nacli der Operation sank das Fieber, und der Ailgemeinzustand besserle 
sich scbnell. Die Belage auf den Operationsumnden waren nicbt grosser 
als gewbbnlicb, und sie verscbwanden in einigen Tagen. 

12. 9. 1939. Nachuntersuchung. Befinden subjektiv und obieklir 
gut. 


E p i k r i s e; Ein ISjahriges Madchen, das an einer lang^^^eri* 
gen Pneumonic und, als sich diese im Heilungsstadium Jiefand, an 
einer Granulozytopenie-Angina erkrankte. 4 Tage spater wurde 
eirie Tonsillektomie ausgefiihrt, worauf die Blutveranderungen 
schnell verschwanden. Die Patientin hatte auch kieine Mengcn 
Prontosil und Campolon bekommen. 


Fall 2 5.*- (Abb. 11.) 49jahrjger Dekorationsmaler. Im Epidemie- 
krankenhaus 22. 2, — 27. 2. 1941. (Journ.-Nr. 564/41.) 

Afjamnese: (Infolge des mitgenommenen Zuslands des Patienten blieb 
die Anamnese bei der Ankunft im Krankenhaus unvollstandig, utid die 
fruberen Phasen traten erst bervor, als die Granulozytopenie festgesteilt 
■vMirde.) Familiar nichts zu erwahnen. In jungeren Jahreh gesund. 1924 
wegen eines periappendikularen Abszesses im stadtischen Mariakranken- 
haus, 1926 — 29 melirere Male in demselben Krankenhaus wegen einer 
Osteomyelitis im recbten Oberschenkel und einer im Zusammenhang damd 
entstandenen Spontanfraktur. 1935 erkrankte er mit allmaliHch begm- 
nenden Rachenschmerzen, Kopfschmerz und Fieber, weshalb er m 
Wochen zusammen etwa 40 Amidopyrinpulver nahm. 8. 6 — l • • 
im Mariakrankenhaus gepflegt. Bei der Aufnahme ^vur J eine Granu ' 
zytopenie festgesteilt. Leukozyten 1500, Neutrophile 18 %. ^as btern 
punktat war zellenreich. Es war darin eine Vermehrung 
Prototypen und der Retikulumzellen zu konstatieren. er .. j 

mit Campolon behandelt. Die Blutveranderungen verschwanden im 


1 Dber die fruberen Schicksale dieses Patienten hat v. Boksdorff bericlilet, 
siehe Finska Lak.s. Handl, 1936, S. 202. 
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von ehva einer Woclie, und der Patient genas, Vor seiner Entlassung aus 
dem Krankenhaus vairde eine Amidopyrintelastungsprobe ansgefuhrl, 
deren Brgebnis deutlicb posiliv war. (Nacb Emnahtne von 0.5 g Amido- 
pyrin sank die Lenkozytenzabl in 2 Slundcn von 5000 aul 3000.) Spateres 
Betinden, von kurzdauernden Sclinupleninfektionen abgcsolien, gut. 

Am 18. 2. 1941 erkrankte der Patient bhne voransgeiiende Symplome 
mit heftigen Rachensclimerzen, Sebmerzbn in don Gliedern und Fieber. 

St. p r a e s e n s am 22. 2. 1941; Korperbau gewdhnlicli. Patient sehr 
miide, unruhig. Rechtes Knie sleif. Im rccMen Obersclienkel zahlreiche 
Narben von Inzisionen und Fisteln. Nervensyslem, Lungen, Herz vxnd 
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Baucli o. B. Harn; Ehv. — . Nyl. — . Fazes: Wurmeicr — . Wagner — 
Sternalpunktate in Tabelle 14. Blutbilder in Tabelle 15. Zunge elwas 
belegt. Nur einige kariose Scbneidezalme sind noch vorbanden. Schleim- 
haute des Mundes, des Zabnfleiscbes und des Racbens gerdlet, trocken. 
Tonsillen pflaumengross, gvubig. Aul der Oberflacbe der linken Tonsille 
reichlicb'^ aneinanderstossende graue Belage. Audi auf der redden Ton- 
sille etwas Belage. 

De curs us; 25.2.1941. Allgemeinzustand verscblecbtert. Haul 
und Sderae iklerisch. Belage im Racben weiter ausgebreilet , links 
bis zum Gaumen reicbend. Vorn unten in der Gingiva ein kleines nekro- 
tisebes Gebiet. Im linken Kieferwinkel ein emplindlicbes taubeneigrosses 
Driisenpakett. Harn: Ehv.-)-. Der Patient bat wabrend 3 Tage 7 g Sul- 
fanilamid und 3.5 g Amidopyrin bekommen. 

26. 2. 1941. Tonsillektomie urn 14.0 Ubr. 

27. 2. 1941. Exitus um 6.30 Ulir. 

Obduktionsdiagnose; Tonsillitis baemorrbagica . Oedema 
glottidis. Pneumoniae lobulares baemorrbagica e pulm. amb. Adbaesiones 
fibrosae laminar, pleurae 1. sin. Bronebibis purulenta. Degeneratio paren- 
chymatosa et adiposa bepatis. Hyperplasia lienis. Nephrosis. Hyper- 
tropbia cordis. Icterus universalis. 
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Epi kn s e; Ein 49jahriger Marni, der fruher einp ,pi 
n.oI,rfacl, rezidiwrende Osteomyelitis ™d yor 7 LZZ 
rachlicher Amidopyrinmedikation entstendeae GraXl? 
Angina gehabt hat. Eine unmittelbar danach ausgefiihrte ALd^' 
pyrinbelastungsprobe war positiv. Litt weder an einer nekroh 
sierenden Angina und nahm vor der Feststellung der GranulozyW 
me 3.5 g Amidopyrin und 7 g Sulfanilamid. Eine TonsillektoL 
rwirde 9 Tage nacli der Erkrankung ausgefiihrt. Starb einen Tag 

spater. Bei der Obduktion rrmrde ausserdem eine Pneumoni'' 
gef unden. 


Fall 26.- (Abb. 12.) 35jalirige Arbeiterfrau. Im Epidemiekranken- 
haus 4.- 6—20. 6. 1941. (Journ.-Nr. 1353/41.) 

A n a m n e s e: In der Familie niclits Besonderes. Die Patientin bade 
waluend der letzlen 10 Jahre mehrere Ajiginen. Keine Peritonsillarab- 
szesse. 2—3 mal eine Blasenenlzundnng, die jedesmal nack mehnvocliiger 
medikamentdser Therapie lieille. Am 30. 5. 1941 erkrankte die Patientin 
mit Racliensclimerzen und Fieber, welche Symptome bis zur Ankunll im 
Krankenliaus fortbestanden. 

St. p r a e s e n s am 4. 6. 1941: Kdrperbau gewohnlich. ADgeroein- 
zustand ziemlicli schlecbt. Die Patientin sielitsehrmiide aus und istgrau- 
blass. Nervensysteniyllerz, Lungen und Bauch o. B. Earn; Eiw;~. 
Nyl. — . Fazes: Wurmeier — . Wagner — . Sternalpunktate' in Tabelle 
14. Blutbilder in Tabelle 15. Zunge ziemlicli trocken und belegt. Rackn 
gerdlet. Tonsillen weintraubengross, an der Oberbache rauh. Um sie 
herum eine geringe Anschwellung. Auf der Oberflache beider Tonsillen 
etwas heller, diinner Belag. Beiderseils unterbalb des Mandibularwinkels 
empfindliche Driisenpakete von der Grbsse eines grossen Hulinereies. 

De curs us: 5. 6. 1941. Allgemeinzustand verscWecMert. Die 
Belage im Rachen etwas vermehrt. Es unirde eine Tonsillektomie aus- 
gefiihrt. Linke Tonsille etwa dauraenspitzengross, rissig, rechte ein ivenig 
kleiner. Die Tonsillen losen sich leicht ab. Im Innern beider Tonsillen etwas 
ziemlicli dicker gelblicber Biter. 

6.6.1941. Allgemeinzustand etwas besser. In den Vorder- und Seiten- 
teilen des Halses eine empfindliche, gerdtete Schwellung. 

9. 6. 3941. Von Tag zu Tag munterer. Die Rotung und Schwellung 
am Halse vermehrt, bis in die' Mitte des Sternums reichend. Hautfarbe 
ins Gelbe spielend, Skleren deutlicher ikteriscli. In der Basis der linken 
Lunge halbverliartetes feuchtes Rasseln. R 6 n t g e n d u r c h 1 e U c 
t u n g: In der Umgebung der linken Hilusregion eine ziemlicli dunne, 
recht deutlich begrenzte Verschattung. Der Mund bedeutend gereinigt, 
Oberflachen der Operationswmden fast frei von Belagen. . 

11. 6. 1941. In der Schwellung am Halse ist eine Fluktuation zu ko - 
statieren. Bei der Punktion bekommt man dicken Eiter, der reic 
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Slreplokokken cntluill. Uniniltefhar n:n.-h dor Punklion -wird eine Itizi- 
sion gemaclif, wobei man in cine kleine Eiterlioldc gcdangt. 

Ein paar Tage spider orgah sich, dass sicl> cine Fislel von dor Inzisions- 
mnule zum Osopliagus ei\t\vickclt hallo. Dor Zuslaiid dor Paiienliti ver- 
sddeclilerle sicli allmaldicli wicdcr. Uin die Fistol l)oganncn sicli Nekrosen 
zu bilcien, diesicJi ansdelinlcn. Exilus am 20. (>. lOlJ. 

E p i k r i s c: Einc 33jfihrigc Frau, die einc rezidivicroude 
Angina gehabt hallo, erkrankle an einer Granulozj'topcnie-Angina. 
Eine Tonsillcklomie wurdc 7 Tage .spaler aiisgefiihrl. Die Biul- 
verandcrungen vcrsclnvandon schncll. Die Palientin bekam 3 
Tage spaler eine Pneumonic sowie einc sich allmalilich enhdekeinde, 
zu einer Osophagusfislel fuhrendc ^tlcdiaslinilis, woljei die Grami- 
lozylopenie rczidivierle. Exilus 11 Tage nach dor Tonsillektoniie. 

b. Aliologic und Pathogencsc. 

Aus Tabelle 13 werden die in dcr Anamnese der Palicnten auf- 
tretenden, als atiologischc Ursachen der Krise in Betraclit kom- 
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Granulozytopenie-Krise eine Angina durchgemaclit; drei (21, 23 und 
26) hatten eine ausgedelinte, auf eine clironische Tonsillitis hinwei- 
sende Ananinese. — Die Patientin 24 liatte uninittelbar vor dem 
Ausbruch der Krise eine langwierige Respirationsinfektion gehabt. 

Verschiedenartige Medikamente waren in vier Fallen zur Ver- 
wendung gekommen. Amid'opyrin hatte Patientin 21 vor ihrer 
Erkrankung an den Krisensymptomen 7 — 8 g im Laufe von 4 
Monaten bekomnien. In Fall 25 war es walirend 4 Tagen nach der 
Erkrankung des Patienten gegeben Avorden, ehe die Avirkliche Natur 
der Krankheit zutage getreten war. Die Krise, die er 6 Jahre 
fruher gehabt hatte, war aller Wahrscheinlichkeit nach durch 
Amidopyrin verursacht worden. Die Belastungsprobe gab nam- 
lich sofort danach ein positives Resultat. Sulfanilamid oder Sulfa- 
pyridin hatten die Patienten 21, 24 und 25 sowie wahrscheinlich 
auch Patientin 23 in kleinen Mengen nach der Erkrankung an den 
Infektionssymptomen wahrend der Zeit vor der Erkennung dei 
Granulozytopenie zu sich genommen. In Fall 23 erkrankte die 
Patientin an der Krise etwa eine Woche nach dem Abschluss einer 
kombinierten Neosalvarsan-Wismittkur. 

Zeichen einer konstitutionellen Schwache der Myelopoese Araren 
in Fall 21 festzustellen. In der Familie fanden sich ausser der 
Granulozytopenie mehrere Falle von pemizidsen und hypochromen 
Anamien. Bei der Patientin selbst Avaren die LeukozytenAA'erte 
soAvohl vor als nach der Krise etAvas niedrig. Auf die Respirations- 
infektionen nach der Tonsillektoniie reagierte sie von neuem mit 
einer deutlichen Leukopenie. 

Aus dem Vorstehenden geht heiwor, dass in ZAvei Fallen (22, 
26) von den moglichen atiologischen Faktoren nur eine Infektion 
in Frage kam. Bei den anderen Patienten kdnnen ausserdem 
auch andere Faktoren in Betracht kommen. Die durch Amido- 
pyrin soAvie durch Neosalvarsan hervorgerufene Granulozytopenie 
entsteht im allgemeinen unmittelbar nach der Verabreichung des 
Medikaments, mag es sich um langAvierige oder gelegentliche Ein- 
nahme handeln (Kracke und Parker). In Fall 21 AA^ar ihr Anted 
unwahrscheinlich, AA^eil die Patientin es nicht unmittelbar vor 
Hirer Erkrankung gebraucht hatte. Auch in Fall 25 lassen sich 
diesbezuglich keine sicheren Schliisse ziehen. Bei dem Patienten 


^ Die Familie der Patientin werde ich spater in 
Veroffentlichung eingehcnder zu behandcln. 


einer besonderen 
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die vorhergehende Krise zwar Avahrscheinlicli durcli Aniido- 
pyrin ausgelost warden. Das klinische Krankheitsbild, besonders 
das Auftreten von Nekrosen, spricbt jedoch dafizr, dass er diesmal 
sclion vor der Vcrwendung des Amidopyrins eine Granulozytope- 
nie hatte. Die Erfalirungen mit Sulfanilamidpraparaten zeigen, 
dass die Granulozytopenie im allgemeinen nach langdauernder and 
reicliliclicr Anwendung cntsteht, sofern der Patient diese Praparate 
niciit sclion friiher bckommeh hat. Hat er sie fruher erhalten, so 
kann sich eine Scnsiliilisierung cntwickeln, so dass die Granulozyto- 
pcnie sclion nach kurzdaucrndcr und geringer Anwendung aus- 
brcchcn kann (Do.magk und Hegler). In meinen Fallen wurde von 
der Siilfanilamidmedikation ini Zusammenhang mit der Tonsillek- 
toniic Gebrauch gcmacht, und das Blutbild zeigte walirend dieser 
mcdikamenldsen Therapie eine schnelle Regeneration. Hiernach zu 
schliesscn, diirfLe sic in der Atiologie der Krise keine nennens- 
wcrlc Rolle spiclen. Mit Sicherheit lasst sicli nicht entscheiden, 
welchen pathogenctischcn Anted die verschiedenen Faktoren in den 
betrcffenden vicr Fallen gchabt habcn. Wie bei Patientin 21, bei 
der sowohl der infektiosc als der konstitutionelle Faktor auftrat, 
kann auch bei den andcren eine kombinierte Atiologie in Frage 
koninicn. Aus diescm Grunde ist auch nicht sicker auszumachen, 
ob die Angina in diesen Fallen primarer oder sekundarer Natur 
war. 

c. D a s klinische Krankheitsbild. 

Der glciclizeitig mit der Granulozytopenie-Krise auftretenden 
Tonsillitis wie auch den andcren Entziindimgsprozessen ist es 
eigentiimlich, dass sic leicht einen nelcrotisierenden Charakter 
annehmen. In zwei (21 und 24) nieiner Falle fanden sich in den 
Tonsillen keine makroskopischen Nekrosen, aber bei Patientin 21 
zeigten sie sich bei der mikroskopischen Untersuchung. 4en 
Patienten 22, 23 und 26 waren sie unbedeutend. Bei den zwei 
erstcrcn wrden sie nur in der Umgebung einer Inzision, die wegen 
Verdachts auf einen Peritonsillarabszess geniacht worden vjr, 
also nur im bescliiidigten Geivebe, angetroffen. Fall 25 war der 
einzige, in deni die Nekrosen einen grossen Umfang angenomm 

Ausser einer Tonsillitis wurden bei den Patienten auch and 
entziindliche Kranldieiten festgestellt. In Fall 21 ergab sich eine 



Bronchitis. Palientin 24 hattc den Folgcziistand ciner langwic- 
rigen Pneumonic und dazu cine harLmickige Enlciilis. Bei Patient 
25 wden erst bei dcr 01)duktion in heiden Lungen Pneiimonie- 
herde fcstgeslellt. In Fall 26 cntwickcltc sich desglcichcn cine 
Pneumonic und dazu noch cine ^IcdiasUnitis, Komplikationen, die 
kurze Zeit nach dcr Tonsillcktomic entdedkt wurden. 

Die klinischen Befunde waren somit die, die typiscli im Zu- 
samnienhang mit dcr Krise aiiftrctcn. In beziig auf die Tonsillitis 
stellte die Sparlicbkcit der Nckrosen cine Besonderheit dar. Sic 
kamcn in geringcrer l\lengc vor, als cs in Verbindung mit der 
Krise bei den sicb sekundar entwickclndcn Anginen der Fall ist. 
Das w u r d c d a r a u f b i n av c i s c ii, d a s s die T o n- 

s i 1 1 i t i s i n f e k t i 0 n bei m c i n e n P a t i e n t e n 

b a u p t s !i c b 1 i c b p r i m a r war, e i n Y c r b a 1 1 c n, 

f ii r das a n c b die a n a m n c s t i s c b c n Befunde 

s p r e c b c n. In den Fallen 22 und 23 fand sich stark ausgepragt 
ein pcritonsillarcs Odem, das Verdaebt auf cinen Abszess erregto 
und zu cincr Inzision veranlusstc. Ein solcbes Odem ist bei dcr 
Granulozytopcnic-Angina nichi seltcn (Zamgi:). 

d. D i c b ii in a t 0 1 0 g i s c b c n Befunde. 

Die S t c r n a 1 p u n k ( a t c (Tabellc 11) verlraten in meinen 
Fallen versebiedene 'I'ypcn. Am sltirkslen wareu die Veriindcrun- 
gen in Fall 25. Das Punlctat zcigle cine tolale niyeloiscbe Aplasie. 
Die cinzigen mycloischcn Zcllen, die angetroffen warden, waren 
Itlycloblastcn. Die Menge dcr Lympbozyleii und Retikulumzellen 
war bedeutend vermehrt. In den Fiillcn 21 und 26 waren die Ver- 
anderungen abnlicbe: das Mark war promyelozytar, niebt sebr 
zcllcnarni. Die iilcnge der Lymphozyten und Retikulumzellen war 
aucb liier vermehrt. Typiscli war fiir diese Punklate ferner, dass 
die in ilmen angetroffenen mycloiscben Zellen dcullicbc patholo- 
logischc Venindcrungen erkennen Hessen: die Kerne der Zellen 
entspracben eincm alteren Reifestadium, als das Plasma und die 
Granulation vorausselzten. So war das Plasma der wenigen fest- 
geslelllen Myelozj'ten und Mctamyelozylen im allgcmeinen baso- 
phil und die Granulation bemerkenswert grob. In Fall 23 zcigle das 
Sternalpunktat aucb Verunderimgcn dcr oben besebriebenen Art, 
aber in Icichterer Auspriigiing. Noeb geringfiigiger waren die Ab- 
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^vciclul^_^CIl iiu V'orj^Ioich zii (icn ol)i{{cii lioi Pulidil Zl, lx i dcni luii 
die Mcnge dor fcrtif'on Neiilrophilen im Markc be.deulend heral)- 
geselzl war, abcr die der inyeloischcn Pr()lolyi)en nieliL iieniiens- 
werl voii der Norm abwicli. In Pall 21 war vor der 'ronsillekloinie 
koiii Slernalpunklal ealiionimen wordeii. 

In den B 1 u lb i 1 d e r n (Tabelle la) verlralon die Vorande- 
rungen ebenfalls verseliiedcne Sladien. Bei Palienl 2') belrng die 
Menge der wcissen Zeilen nnr (500, nnd sie waren .samllicli Lymi)lio- 
zylen. In den l^lllen 21, 21 nnd 2(5 Iral aiisser einer slarkeii 
Keiilro- nnd Lenkojjenie eine Aneosinophilie anf. Monozylen 
fanden sick bci alien droi Patienlvn, doe.h war ilire absolnle Zabl 
nierkbar niedriger als normalerweise. In Pall 20 waren die Veritn- 
dernngen relativ leiclile; die Gesamlzalil der Leukozyten lag an 
der nnleren Grenze des Normalcn.cs besland keine Aneosinojibilie, 
and ausserdem wav cine. Monozylose (aucb absolul) fcslz.usIeUcn. 
Eine von den andcren ulnvcichendc Ucaklion des Hlnles zeigle sieh 
in Fall 22. Es liandelle sick inn cine sclinell ziiiieliinenfle Eoiiko- 
zylose. Die Zahl der Neiilrophilen war niedrig uiid die der 
Lynipkozyten sowie der Monozylen bedenlend crkolil. 

Die be.sckricbenen kanialologiscken Verandernngen sind iilin- 
lickcr .-Vrl, wic sie friiker im Se.krifUum angogeben worden sind. 
Iloim teilt die bei der Grauulozylopenie-Krise vorkommenden 
Knoclienniarksvenindoriingen in drei MauiiUypen, zwiseken denen 
zaklreicke 'Obergangsformen anflrelon: 1) Tolale .-Vplasie der Leu- 
kopoese, wobei die Menge der lymphoiden und der Ueliknlnni- 
cleinenle ineist bedenlend vermekrl isl. Die Seliadigung der Len- 
kopoese isl in dicsen Pallen so se.liwer, dass eine Hegeneralion im 
allgemeincn nickl mekr nioglieli isl. 2) Das promyelozylar-myelo- 
zylitre Mark, wie es in kliiiiscii sekweren I'allen anziilreffen isl. 
3) Knockennvark, in dem nnr die ferligen Zeilen (Segmenlkernige 
und .Sliibe) feiilcn. Ein .soic.kes KnoekenmarksbiUl zeigl sick in 
leiekten Fallen. In meinen eigenen ITillen enlsprack der Knocken- 
rnarksiiefund des Palienlcn 25 ilurchaus dem ersten Typiis Roim’s, 
das Knoclicnmarksbild der Palienlcn 21, 20 nnd auek 23 geborl 
am ciicslcn zn der zweilen und das von Patient 22 zu der drilleu 
Gnippe. .-Viisser nacli dem Slcrnalpunklat kiinuen wir auck naeh 
dem Blullrild den Schwere.gi-ad der Krise benrleilen. Wenn die 
Gesamlzakl der Lcnkozylen im Bliilc 1000 unlcrsckrcilel nnd wenn 
ausscr den Neiilrophilen und Eosinopkilen auck die Monozylen 


•I 
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Tabelle 15. 


Die Blulbilder der Granulozytopenic-Falle’-. 
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Tabellc 15 fForls.). 

Die Bliilbildcr der Gramilozytopcnic-Fiillc. 
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fehlen oder ihre Zahl bedeutend herabgesetzt ist, muss die Pro- 
gnose als unsicher gelten (Rohr). Solche schwere Veranderungen 
kamen bei den Patienten 21, 24, 25 und 26 vor. Die Monozjdose 
fassen mehrere Forscher als ein gunstiges Symptom auf (Bock, 
Lichtenstein, Schulten, Strasser). Ferner betrachtet es Schul- 
TEN als ein gutes Zeichen, dass sich keine Aneosinophilie ausbildet. 
In meiriem Fa^l 23 lagen die erwahnten prognostisch giinstigen 
Symptome vor. Ahnliche Blutreaktionen, wie sie bei den 
Patienten 22 und 23 vorkamen, konnen auch im Zusammenhans 
mit der Mononucleosis infectiosa auftreten. Bei diesen Patienten 
fehlten jedoch die gewohnlichsten klinischen Symptome dieser 
Krankheit: die allgemeine Drusenscbwellung und dieVergrosserung 
der Milz. Ausserdem . traten im Knochenmark beider fiir Granu- 
lozytopenie typische Veranderungen auf, die nicht bei Mono- 
nucleosis infectiosa anzutreffen sind. Diese Umstande sprechen, 
wde mir scheint, daftir, dass es sich um Granulozytopenie 
handelte. Fine neutropenische Leukozytose, wie in Fall 22, ist 
im Heilungsstadium der Granulozytopenie-Krise wohlbekannt. 
Dabei kann man sogar leukamieahnliche Blutbilderfinden. Ich sehe 
somit in diesem Fall eine Granulozytopenie-Angina, die erst im 
Heilungsstadium zur Beobachtung und Behandlung kam. 

Unter Beriicksichtigung der oben beschriebenen, im hamatolo- 
gischen Status angetroffenen Veranderungen und des klinischen 
Krankheitsbildes habe ich den Schweregrad der Granulozytopenie- 
Krise der Patienten so analysiert, \sae er in Tabelle 6 auftritt. 


e. Die Wirkung der Tonsillekto mi e. 

Die Tonsillektomie Rmrde innerhalb 3 — 12 Tage nach dem 
Ausbruch der Symptome ausgefiihrt. In Fall 25 traten im Zu- 
stand des Patienten nach der (8 Tage nach dem Ausbruch der 
Krankheit ausgefiihrten) Operation keinerlei Veranderungen nach 
dem Besseren hin ein. Der ausserordentlich schwere septischeZustand 
blieb bestehen, und der Patient starb schon einen Tag nach dem 
Eingriff . Es handelte sich denn auch um einen sowohl klinisch als 
hamotologisch als infaust zu betrachtenden Fall. Im Zustand der 
anderen fiinf Patienten war dagegen unmittelbar nach der Tonsillek 
tomie ein deutlicher Umschwung festzustellen. Der schlechte All- 
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‘Tenicinzuslaud besscrle sich scliiicll. In den b alien 21 24 ver- 
^chwand das Ficber in' 2-3 Tagen. In Fall 2G, bci dem die Ton- 
silleklomie 6 Tage nacli der Erkrankung stattfand, ^var die Bes- 
serung des Allgenieinzus lands mir v,oriibergchender Art, und es 
trat danach kein Ficbcrabfall' cin. Drei Tage spaler klartc sich 
denn aucli die Ursaclic zu dem Fortbcslehcn des Fiebers auf. Es 
war bei der Palienlin cine Pneumonie zu konslaticren, und iiber- 
dies entwickelle sich bci ihr allmahlich cine zu ciner Osophagus- 
fislel fiihrende sclnvcre nckroLische Mediaslinitis. Sic slarb 11 
Tage nach der Operation. — Bcsondcrc Aufmerksamkeit wirde ■ 
dem Zustand der Operationswunden und der postoperativen Ent- 
wicklung zugcAvandt. Die B c I a g c auf den Operations- 
wunden Av a r e n k e i n c s av c g s grosser a 1 s ge- 
Av d h n 1 i c li, und die W u n d c n h c i 1 1 c n, a u c h in 
Fall 26, in k u r z c r Z e i t normal. 

Hand in Hand mit dor klinischen Besscrung A'crscliAvandcn aucli 
die peripheren Blutvcranderungcn schncll. In Fall 21 ist am drit- 
ten Tag nach dcr Operation cin deutlicher Anstieg der Lcuko- 
zylcnzahl zu henicrkcn. Noch schnclicr Avar die Regeneration in 
den Fallen 23, 24 und 26, besonders in den bciden letzteren. Bei 
Patientin 24 crhdhtc sich die Zahl dcr Lcukozylen in 2 Tagen um 
5400 und bci Patientin 26 in dcrsclben Zeit um4600. Bei alien drei 
Patientinnen zeigte sich zuglcich eincbetriichUiche Linksverschie- 
bung der Neutrophilen, cine Erscheinung, die im Regenerations- 
stadium der Krisc gcAvohnlich ist. In Fall 22, bci dem A-^or dcr 
Operation einc neutropenischc slarke Leukozylose aultrat, A-^er- 
scliAvanden die Blutweranderungen ebenso im Yerlauf A'on 3 Tagen. 

Mustert man die Sternalpunktale nach der Operation durch. 
So findet man auch in ihnen cin VerschAvinden der vor dem Ein- 
griff bestehenden Veranderungen. Doch scheint es A'crhaltnismas- 
sig lange zu dauem, bis die Zahl der fertigen Neutrophilen die nor- 
malc Hohe erreicht (Fall 21 und 22). 

Bei der Beurtcilung des Effektes dcr Tonsillektomic auf die 
Patienten ist zu beachten, dass ausscr der Operation auch andere 
Therapie zur VerAvendung kam, abgesehcn von dem Icichten Fall 
23 (und Fall 25, in dem der Zustand praagonal AA^ar), dem gegen- 
uber therapeutischc Massnahmen als nutzlos bctrachtet Avurden. 
In den anderen Fallen Avagte man Avegen des Ernstes dcr Situation 
sich nicht ausschliesslich auf die Tonsillektomic zu verlassen. 



Tabelle 16. 

Ausser der Tonsillektomie medikamentose und andcrc Behandlung. 


Fall 

Leber 

Sulf anilprap ar ale 

Sonslige 

Thcrapie 

21 

Campoion zusammen 

5 ems X 18 im Lauf 
von 8 T. 

Prontosil solub. zusammci 

5 cm®X 3 im Lauf von 2 3'. 

- 

22 

— 

Sulfanilamid zusammen 

3 g im Lauf von 3 T. 

— 

23 

' 

— 


24 

Campoion zusammen 

5 cm® X 3 im Lauf 
von 2 T. 

Prontosil solub. zusammci. 
5 cm® X 5 im Lauf von 5 T. 

Bluttrausfusioii 

25 

— 

— 

— 

26 

■ 

1 

Campoion zusammen 
5 cm3 X 3 im Lauf 
von 7 T. 

Prontosil solub. zusammci 

5 cm® X 5 im Lauf von 3 T 
Sulfanilamid zusammei 

6 g im Lauf von 6 T. 

1 


Die anderen Behandlungsmassnahmen warden weggelassen, 
laid to Zustand der Patienten eine Wendaag zum Bessoren 

LlLten rvar. Info, gedessea und da die Pat.en en „ 
3 e,Lenen Kran.enM.ern « ™de.^ 

Tonsillektomie angewandte flierapie m 

■feed. Die Behandiungsnrassnahmen 

ersiehtiich. Ausser Suifan.iamid un 

anderen Medikamente f ^,ra,,„ic,.t. Vor <ler 

stehenden 4 Patienten in kiemen M g ^ ,,,55 

Operation batten es 5 P***®*™ de. Campoion 

die EntrvicUung der g<^eben, energise,, nur in 

wmrde den Patientinn » phertherapie bei der 

dem.ersten Fall. Die "ngen rmt 

Granulozytopenie zeigen, dass sie in ™ ^ Wirkung isl 

kann, aber durchaus nicht l^leibt also von den 

nicht sclinell (s- v. Bonsdohff . J;;" , ^ g ^ s c h n e 1 1 e W e n- 

Massnahmen, die eine g _ ^p.inen 5 
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TunsiliokK.niio ii i. r i {>. Die :mssn- ihr nn.^cxvnmlt.-n 
IhorajjinilisclicuMnssunhmvn muekeu jotloeli tlit-i xaUlc lU iirti iluitt^ 
<lc!s F.ffoUlos dor Oporalioii utiiiioulioli. Wonn ioii vnii oitior 

\Yirkun^iierTonsiliokt«niU'lH'inuMtu-n I'utiotiton siirooiic. <,n;>( lu( lit 

os mil dom Vorliolinlt. dass dor ovonltiolle Aiiloii dor niidoron 
'I'lionqiio niolil unnz misj^osoldosson wvrdou k:uui. 



AMi. i7, Miltrlwrrlo tUr I.'iilo'.'Vtrn tti U iijn-tSfrlrti otti! Oi 1.t>n<.rfv,iiiv 

lifU.TIolollrH IVtirtl. 


I'onior isl tmoli dio Mitfdirldcoit oim-r spontam-n lliilniij.; iti 
Dolraohl ?,u •/.iolion. Dioso Uommt in I'mip- In •-undoisin I'aU 'Ji2, dor 
orsl im iroiliini’sst.'idimii yur Hohandhiii!; kam, imd in Fall ’,r>. Ini 
«k'm liio SynipUuno dor Kriso loioUl warm. Dooh v.aranoli in dto'-' ii 
FVillon, wio in don droi andoron, uinniUolFar naob <lor r<>n‘'inokl<tmio 
< iue doiilHoIio Wonduiu: im Kranklioilwovlauf {ostmvF Uon. ('>t;’on 
oino spdntano lioilnno spriolit anoh das volmono Yorsolnvindon 
dor Illtitvoriindonmiion. Dliploioh dio spnntano odor Foi nioht- 
nporalivor 'rhorajiio oinliotomlo Hoip’inratinn srimo)) voi sirli 
l^clicti Kami (tiof.T/.), iialio iVIi naoli Ivonutnisnahmo dor laUratnr 
die AnffasMitit^ ''owotmon, dass das Vorsohwindon dor Votamlornn- 
l^nt in so soliriollom Tompn, wio iioi moinon oiponon I'alton, nioht 
powolinliolt ist. Diosor Anffnssmip vojloiht dor in Ahhildnm; 17 
atispofnlirlo Vorploioli oino Slidzo, In dor orwalmton Aldtiliimi*; 
habo irii dio narb tier Tonsilloktomio auflrolondoii Millolwirto 
dor I.ouko/.ylcn boi moinon I'allon (niil Amsrblnss vim Fall L’.'i) 
und boi insf;osaml 0 von Aahnj; nnd v. lloNsimnrf in I'innland 
voriiffonfliobton mil konsorw.iUvon Motlmdoii bohamlolton I'nlbn 
boroolmot. Hi orboi z o i j« 1 o s i o b. dass diodiiroli- 
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sclinittliclie Vermehrung der 
bei meinen Patienteii schneller 
Vergleichsmaterial erfolgte. 


Leukozy ten 

in dem 


f. Besprec hung der Ergebnisse. 

Heine Falle lassen er k en n en, d a s s das Infek> 
tionsmoment in- der Pathogenese der Granulo* 
zy top enie-Angina eine w i c h tig e R o 1 1 e s p i el t. 
Sie bringen weiteres Licht in dieFrage, ob man mittels der Tonsillek- 
tomie auf diesen atiologischen Faktor und dadurch auf den Ver- 
lauf der Krise einAwrken kann. Der Effekt war in 5 meiner Falle 
unschadlicli, in 4 (21 — ^24) ausserdem offenbar giinstig. In einem 
Fall (26) war der Nutzen fraglich, und in einem (25) wirkte sicJi 
die Tonsillektomie nacliteilig aus. 

Wie bereits erwahnt (S, 28), ist die Tonsillektomie als kon- 
traindiziert betrachtet warden, weil sie eine Ausbreitung der Ne- 
krosen und eine Zunahme der Sepsisgefahr verursachen soil. Die 
Heilung der Operationswunden war jedoch in meineii Fallen 
vdllig normal bei 5 Patienten, die in dieser Bezieliung mein Beobacli- 
tungsmaterial bilden. (In Fall 25 lassen sich aus der Heilung der 
Wunden keine Schliisse ziehen, da der Patient kurz nach der 
Operation starb.) Bei Durchsicht der anderen in Tabelle 6 wieder- 
gegebenen Falle zeigt sich, dass die Nekrosen, die bei einem Pa- 
tienten von Grahe und Kindler und bei den beiden Patienten 
von Linck schon fruher vorhanden waren, sich nach der Operation 
ausbreiteten oder dass sich solche in den Wundflachen entwickelten. 
In den anderen Fallen der Tabelle werden Angaben dariiber 
entweder vermisst oder die Patienten starben kurz nach der 
Operation. In den Fallen, bei denen Nekrosen entstanden, 
trat im Blute keine sclmelle Regeneration ein. Bei meiner 
Patientin 26 entwickelte sich nach der Tonsillektomie parallel mit 
der Zunahme der Granulozytopenie eine nekrotisierende Entziin- 
dung, obgleich nicht im Rachen, in dem die Operationswunden da- 
mals schon beinahe ge'heilt waren. Die Tendenz zur Ent 
wicklungvon Nekrosen scheint also von dem 
hamatologischen Zustand abhangig zu seim 
Diese operierten Falle bestatigen die klinische Erfahrung, dass die 



Nokroson im nl’}^cIU’r;lli()Il^sla(iil^m d«T Kris.'sclmoll vri.M-liwiixIfn. 
\vonn die Mongo dor Gvanulozyton sicl> ini Hlntc oi liulit (Senna i;n. 
1 Uimi). A VI c li s c h NV o re g r n n u I <» z y t n i» n i ^ r li e 

li 1 11 1 V V r :i n d o r ii n g c n s I c 1 1 c n s n m i I an si o Ii 

k (' i 11 !• ('» 0 g 0 n J' » z 0 i g e g e g o n «• i » »' '1' o n s i 1 1 e k \ o- 

III i e d a r, n ii d os It o s t o li t k o i i\ o V i o ( a li i i i m r 

A n s 1) r 0 i I n ii g dor X o k r n s o m w o ii ii m a ii d u i o. li 

d i 0 ']■ o II s i J 1 0 k t o in i o o i ii c> g o ii ii g o ii d o !•: r )i o li ti n g 

dor (i r a II n I n z y ton o r r o i o It t . 

Xanoi; liotrarlilot, win nrwalml. dio loiisilloktiiini'’ als indi- 

ziortin Fallon, boi <lonon dio 'lVtn*.iI!ilisinf« kli(in tnimarist.dattogon 
abor nicht lioi ilor soknnduron (iraimlozyloponio-Angina. Wio or 


abor solbst iiorvorhobt, isl dio Ansoinnndorb'.dlnng iliost r vor- 
schiedonon Angiaafnrmon in dor Prasis soliwii tig nnd odsnais nn- 
tiu'iglioh. Das orgild sirh ilontlioh, von nioinon oisa non I'ationton 
aligosolion, aiioli ait*' don andoron l-^dloji iii’J'aboHo t‘«. Anoh boi ib n 
rnoiston von dioson koinion aii'-sor dom Inb klioiiMiioniont Modika- 
nionto nnd andoro patliogoiioIiMlio I'aktoron in bVago konmion. 
Solbst woiin dio IJlntliriso niolil anssrhliosslirli infoigo dor 'I dti'illi- 
tis ziistando gokotninon soiu sidlto, sondorn dtiroli das /.nsaniui'-ti- 
wirkon <br Tonsillitis nnd nndoror Faktoron odor bdiglioli ans 
andoron Ursarlion, kann da*' Fndoigobnis bi i ib n Graiudozyto. 
]ionio-Anginon dorb dassolbo nnd z.war oino srhw* ro toNisoli-soj)- 
Usrlio Tonsillitis soin. Im Hinblick hioranf bositzt dio obigo l>iffo- 
renzionnig zwisolion priiniiror und soknndaror Tonsillitis niriiior 
Aiisiold nnrli nur tbcorolisclio Hodonlnng, tlio boi dor Indikatinns- 
stollinig dor Tonsitloktoinio nirlit iinbodingl in Hotrarlit g.ozogon 
zi! wonlcn braiiolit. 

V on \V i 0 h t i g k o 1 1 i s t d agog o u d i o g o n a u o 
A u f k 1 ii rung d o s k 1 i ii i s o b o n u n d b ii in a t n 1 o- 
g iso bon Zn stands dcs 1‘ a I i o n t o n. Dio klinisrho 
Lrfalining lobrl, dass dio Pnoinnonio, diosioli boi (lrannb>zv!o]>oiiio 
ontwickoit. fast bnndorljirozontig znni FlNilns fiihrt. Ans dio*.oni 
Grnndo isl dio 1 onsillokloinio boi diosor Komjdiknlion kuntrn- 
iiuiiziort. In nioiiioin ball 2.'i wurdo dio Piioninonio niolil klintsch 
fcslgestoni,.sondi rn orsi boi dor Obduktidii anfgodookt. Diosor F'all 
cbonso wio dio l'>g<*lniisso andoror Forsoltor {(niAin;) zoigon, dass 
oino Dporalion koinon Xwook bat und dass sio in I'idlon kontraindi- 
ziorf isl. in donon oin woitontwiokoilor sojitisohor Ziislimd vorliogl. 



Das entspricht durcliaus der Auffassung, die im allgemeinen 
auf otologischer Seite bezuglich der tonsillogenen Sepsiden 
herrsclit. 

. Die hamatologische Untersuchung ist auch von liervorragender 
Bedeutung, wenn es gilt, die Falle in Hinsiclit auf die Prognose and 
die Therapie zu beurteilen. Da war die Heilungsmoglichkeiten 
noch nicht auf Grund des Blutljildes einschatzen konnen, ist die 
Untersuchung des Sternalpunktate^ unentbehrlich. Dabei bleiben 
einem solche Erfahrungen wie in meinem Fall 25 erspart. Der 
Patient wurde unmittpibar nach der Sternalpunktion vor der Ana- 
lyse des Punktates operiert. Wie erwahnt, ergab sicli bei dieser 
eine totale myeloische Aplasie. Die Operation war mifhin in diesem 
Fall sowohl klinisch als auch hamatologisch kontraindiziert, vas 
sich bedauerlichervveise zu spat herausstellte. 

Es ist auch ersichtlich geworden, dass die Tonsillektomie nicht 
immen von Erfolg begleitet . ist, trotzdem ausser der Angina 
keine anderen entziindlichen Lokalisationen bestanden und selbst 
wenn eine Heilung auch hamatologisch mdglich sein aollte 
(mein Fall 26, die Fdlle von Linck und Westergren). In solchen 
Fallen ist die Operation keine hinreichende therapeutische Mass- 
nahme. Dazu mvissen eine die Myelopoese stimulierende Behand- 
lung und die Veralireichung von Sulfanilamidpraparaten binzuge- 
fiigt werden. Die Erfahrungen mit der letzteren Therapie be> den 
Granulozytopenie-Anginen sind beschrankt, abet sie zeigen, dass 
man mit ihrer Hilfe iiberrascbend gute Erfojge erzielen kann 
(Ives, Mendes de Leon). Mdglicherweise konnen durch Anwen- 
dung von Sulfanildmid im Zusammenhang mit der Operation die 
ausschliesslich mit der Tonsillektomie erreichten Resultate verbes- 
sert werden. 

Hinsichtlicji der eventuellen Gefahren der Operation habe ich 
nicht genugend Erfahrungen, Die Wirkung der bei der Tonsillek- 
tomie angewandten Lokalanasthesie erstreckt sich teilweise bis auf 
den Larynx. Ob die in meinem Fall 26 sowie in den beiden Fallen 
von Grahe und Westergren hach der Tonsillektomie entwickelte 
Pneumonic auf einer in dieser Weise erhohten Aspirationsgefahr 
berubt hatj bleibt unentsphieden, Jedenfalls nehnien die mit der 
Tonsillektomie verkniipften Gefahren um so mehr zu, je weiter die 

Operation hinausgeschoben wird. 

Meine bishierigen Ergebnisse mit der Tonsillektomie bei der ra 



milozytopcilie-Angina shul chcr posiliv als ncgaliv. Dcr Eingiiff 
verdicnl nichr Bcachlung, als ihm bishcr im SchrifUuin zuteil 
gewordon ist. 


<j) Zusammcnfassimg. 

Es wcnlcn G Fiilk van Anr/inn (jmnnloajiopc.nka (imjefilhrt, bei 
<lcnm wiihnnd der Krisc cine TanaillckiQink ansgcjuhrl wurdc. 

F(dl 21. Klinkch und Mmalologisch schwcrc Krisc. Dk Tonsil- 
Ickiomk. wnrdc 6 Tage nach dan Bcginn dcr Krisc misgcfiihrl. Dk 
klinischc Hcilnng crjolglc schncll. Dk. Immdnlogischc. Regeneration 
begann 3 Tage nach dcr Operation and vcrlkf danach schncll. Aller- 
dings hekan^ die Palicntin ancli Lcbcrinjcktioncn. Nach AnskhI dc.'; 
Verj. irug die Operation enischeidend znr Hcilnng bei. 

Fall 22. Patient init aknlcr Tonsillitis, dc.sscn Blntbild cine slarkc 
nentropcnischc Lcnkozijlosc zcigic. Jlciltc klinisrh and hiinndologisch 
schncll nach dcr Tonsilkktomk, die 10 Tage nach dcr Erkrankung 
ansgcjiihrl wnrdc. Dcr Verf. bclrarhlcl den J'all als cine Gmnnlozgio- 
penie-Angina, die erst im Ilciinng.sstadwm znr Bcohncldnng iwd 
Bchandlnng kam und die wahrscheinlkh aitch ohne Oprralinn gchcill 
wiirc. 

Fall 23. Lckhlcr Fall, bei dan das Blnibild nmscr Lenko- und 
Neutropenic Monozytosc aufwics. Die Tonsillcklomic wurdc 12 Tage 
nach dcr Erkrankung ausgcfiihrl, und danach crjolglc die Hcilnng 
schncll. Audi in diesan Fall halt dcr Vert, die Ilcilung ohne Ton- 
sillcklomk jiir wahrscheinlkh. 

Fall 24. Bei dcr Palienlin cnlwickcllc sich cine schwcrc Granii- 
lozglopcnic-Angina im Heilungsstadium cincr langwicrigcn mil 
Sulfapgridin behandcllen Pneumonic. Drei Tage nach ihrem Aus- 
britch crjolglc nach dcr Tonsillcklomic ausscrordenllich schncll cine 
Regeneration dcs Blulcs und cine klinischc Hcilnng. Dk Palienlin 
bekam auch klcinc Mengen Campolon und Pronlosil. Hcilnng nach 
Ansichl dcs Verj. ohne Tonsillcklomic unskhcr. 

Fall 25. Ausscrordenllich schwerer Fall, bei dem das Stcrnalpnnk- 
lat und das Blntbild cine lolalc mycloisehc Aplasie erkennen Hessen. 
Dk Tonsillcklomic wurdc S Tage nach dcr Erkrankung ansgcjiihrl, 
und dcr Patient slarb einen Tag danach. Bei dcr Obduktion wnrdc 
cine Pneumonic IcstgeslclU. Dcr Verj. hiilt die Tonsillcklomic bei 
derartigen Fallen jiir konlraindizkrl. 
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Fall 26. Schwerer Fall, beidem die Tonsilkklomie 6 Tage nachder 
Erkrankiing slallfand. Die Blidverdndcmngen verschwanden schnell 
sielUen skh aber ivicdcr cin, als die Patieniin 3 Tage nach der Opera- 
iion eine Pneumonic und spdter ausserdem eine zu einer Osophagus- 
fisicl fiihrende Mediasiinitis bekam. Exitus 11 Tage nach der Ton- 
sillckiomic. Der Verf. belrachlcl die Tonsillekiomie allein als eine 
unzureichende Iherapeulischc Massnahme. Ausserdem ware eine die 
Myelopoese siimuliercnde Bchandlung und die Anwendung von Sul- 
fanilamidprdparaten in grosscrer Mcnge, als sie gebrauchi warden, 
nolwcndig gewesen. 

C. Tonsillitis acuta- Falle mit normaler Blutreaktion. 

1. Friiliere Untersuch ungen des Sternal- 
punktates und des Blutbildes. 

Systematisclie Untersuchungen des Sternalpunktates bei Fallen 
mil Tonsillitis acuta babe ich im Schrifttum nicbt gefunden. Mog- 
licherweise enthalt das Untersuchungsmaterial uber im Knochen- 
mark verursaclite Veranderungen bei akuten Infektionen (Barta, 
Kldia, Nordenson, Rohr, Yamamoto) auch Falle mit akuter 
Tonsillitis. Auch die Eimvirkung der im akuten Stadium ausgefiihr- 
ten Tonsillekiomie auf das Mark ist, soviel ich sehen kann, 
friiher nicht untersucht worden. Die Blutbefunde sind in den 
Fallen mit Tonsillitis acuta von ahnlicher Art \sTe im allgemeinen 
bei den akuten pyogenen Infektionen. ,1m Anfahgsstadium findet 
man eine neutrophile Leukozytose und eine Linksverschiebung der 
Neutrophilen. Im Heilungsstadium ist oft eine relative Lympho- 
zytose und ab und zu eine Monozytose zu konstatieren (Naegeli, 
Schilling). Untersuchungen iiber die Eimvirkung der Tonsill- 
ektomie auf das Blutbild bei Fallen mit Tonsillitis acuta habe 
ich nicht gefunden. 

2. Eigene Untersuchungen, 
a) K 1 i n i s c h e D a t e n. 

Die Einwirkung der akuten Tonsillitis und der Tonsillekiomie 
auf das Knochenmark und das Blutbild von Personen mit normaler 
Hamatopoese habe ich bei 6 Fallen untersucht. Alle diesePatienten 



warden in der Olo-Laryngologischcn Klinik gcpflcgl. Dio auf sie 
bczuglichen klinischcn Dalcn sind in Tabelle IS zusamnicngeslclll, 
in der niir die posiliven Bcfundc der lvrankheiLsbericlit;e vcrincrkl 
sind. 

Die Ananinesc sainL'liclicr G PaLienton weisL auf cine langwierige 
und unzweideutige Tonsillilis bin. Ininf von ihnen liaLlcn fruher 
ein Oder mehrcrc]\Iale einen PcriLonsillarabszcss geliabl. Es liandcllc 
sick also l)ei alien inn cine auf der Basis rezidivierender akuler 
Entzundungen enlslandene' chronisclic Tonsillcnerkrankung, die 
sick bei dor Aufnaknic der PaLicnlen wiedcrl)is zuin akulon Stadium 
ciUAvickclt liatle. Im Krankenkaus wurde l)ei 1 von iknen (29, 30, 
31 und 32) cin Pcrilonsillarabszcss feslgeslelll, und bei eineni (28) 
zciglen sick bei der Operation deutliche pcrilonsillarc entzundlickc 
Veranderungen. Nack der Tonsillcktoniie verlief die Ifcikuig bei 
alien Fallen rasek. Das Fielicr versekwand in 2 — 3 Tagen, Ein 
solckes scknclles Abkliugen der Infektionssyinptoinc bei ciner im 
akuten Stadium ausgcfiikrtcn TonsillcnemUvleation entspriekt der 
Regcl (i^Ieuuman, Sai.inuue, Vihtanen). Als Komi)likation der 
Angina trat bei einem Patienlcn (28) cine Nej)kritis auf, die jcdock 
sckncll kcilte.so dass die Marnverandcrungen 10 Tage spiiterganz 
vcrsclnvimdcn waren. Bei ciner Patientin (29) ersekienen ein 
paar Woeken nack der Operation Arlkrilissymptome. Dicse keil- 
ten im Lauf von ehva 2 Monalen. 


b) K n 0 c k c n m arks- und B 1 u t b c f u n d e. 

V 0 r der T o n s i 1 1 e k t o m i e waren die Sternal- 
p u n k t a t e ('fabcllc 19) durckgangig bcmcrkcnswcrt zellen- 
reick. Das Verkaltnis der Erytkroblasten zu den Leukozyten 
zeigt, dass der ungewoknlick grossc Zellgckalt auf einer Vermckrung 
der myeloisckcn Zcllen berukt. Dieses Verkaltnis betrug bei meinen 
Patienten durckscknittlick 1:13, cntsprcckcnd dem Index 1:6 bei 
meinen Normalfallen. In den gegenseitigen Beziekungen derver- 
sekiedenen Zellgruppen waren den Normal werten gegenuber Ver- 
anderungen zu konstaticren, deren Umfang bei versekiedenen Fallen 
versekieden war. Die Mengcn der Eosinopkilcn (sowokl der Proto- 
typen als der reifen) waren im Mil tel geringer als gewoknlick. Hin- 
sicktlick dcrjilyeloblastcn war koine deutlicke Abweiclumg zu er- 
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(Ohrenklin. Jornn.-Nr. 153/39.) 5- J. Angi- 23. 8. 1939. Allgemein 
lien 2—3 mal jahrlich. 1936 nach Angina zustand mitgenommen 
einc 4 W. daucrnclc Nierencntziindiing. Temp. 39.4°. Inncrc Om 
Keme Pcnl-onsillarabszcsse. Am 21.8.1939 ne: o. B. “ 

erkrankte Pat. init Ficber und Rachen-' 
schmerzcn, wclchc Symptomc fortbe- 
slandcn. 

(Ohrenklin. Journ.-Nr. 162/39.) 1922 

Osteomyelitis am r. Unterschcnkel. Da- 
mals mehrcrc, Male operiert. In den letz- 
ten .laliren mindestens 9 mal Anginen. Vor. 

2 J. cin Pcritonsillarabszcss. 2. 9. 1939. 

Ficber und Racbcnschmerzcn. 3. 9. Rucken- 
sebmerzen und Triibung dcs Harncs. 


Arbcilcr- 

frau 


fOlirenklin. Journ.-Nr. 234/40.) Seit 1933 
oft Anginen. Einmal cin Peritonsillar- 
abszess. Am 21. 11. 1940 erkrankte Pal. 
mil Ficber und Rachcnschmcrzen. Schlin- 
gen und Sprcchcn ersclnvert. 


4. 9. 1939. Allgenicinzu-j 
stand gut. Temp. 38.5°, Am' 
Untcrsclienkel Operations- 
narben. RR 150/90. Iniiere 
Organe: o. B. Harii: Ehv.+. 
Sedim.: ZienilichTeichlich 
rote und weisse Blutkor- 
perchen. Keine Zylinder.’ 


26.' 11. 1940. Allgemeinzu- 
stand mitgenommen, blass. 
Temp. 38.2°. Innerc Orga- 
ne: 0 . B. 


Hausan- 

gcstclltc 


fOhrcnklin. Journ.-Nr. 190/41.) Wahrend 4. 3. 1941. Allgemeinzu- 
3 — 4 j. mchrcrc .Anginen und in Verbin- stand mitgenommen. Temp, 
dung damit 2 — 3 mal ein Peritonsillar- 38.9°. Innerc Organe: o. B. 
abszess. Am 1. 3. 1941 erkrankte Pat. 
wiedcr mil Rachenschmerzen, Ficber und 
zunehmenden Schlingbesclnverden. 


31 IS- Feiler 


(Ohrenklin. Journ.-Nr. 261/41.) Hat frii- 9. 3. 1941. 

her mehrere Anginen gehabt. 2 mal Pen- stand • j 'g 

tonsillarabszess. Am 3.3.1941 bekam er Innerc d* 

Ficber und Rachcnschmcrzen, die fort- 

bestanden. Vor2Tagcn begann das Offnen 

des. iSIundes und das Sprechen schwer zu 
•\verden. 


/ T < ^ 10/11 Aiirfemeiiizu- 

Arbeiter (Ohrenklin. Journ.-Nr. 261/41.) ’ Temp. 37.6°. 

wurde im r. Ohr einc Radikaloperation aus- OrJ-me- o B. 

gcfiihrt. Etsva 15 j. jahrlich mehrere Male Innere Org. 

Anginen. Mindestens 2 mal ein Peritonsil- 
larabszcss. Eine W. lang bestanden Schmer- 
zen im Schlunde und Fiebersymptome. . In 
. den letzten Tagen zunehmende Scbling- I 

beschwerden. ' J/ — 






















18 . 

die Tonsillitis acuta-Fallc, 


TonsilleuslaLus 

Zeitpunkt der Tonsillektomie 
und Operalioiisbcfunde 

Decursus 

Daumeiispitzengross,' stark gcro- 
tet, auf ilcr Obcrflaclie einige 
weissc Flecke. 

23. S. 1939. Die Tonsillen lassen 
sicli leicht abloseii. Eiiic peritons. 
EntzUnduiig ist niclit fcstzustollen. 
R. Tonsille walnussgross, 1. klei- 
iier. 

Mach der Operation an 2 
Tagen fieberfrei. 2. 9. — 39. 
Befinden vbllig gut, Opera- 
ionstvunden gut geheilt. 

Sclilund, Uvula und Gaumen- 
bogeii gcrofct. Tonsillcii pflau- 
mcngross, gerotet, auf beiden 
^Yeissc Tbplel. Leicbtc pcriton- 
slilare Schwcllung. 

5. 9. 1939. Bciderscits starke ent- 
ztiiidliclie Verandcrungen um die 
Toiisillenkapsel und peritonsillar. 
Auf der Obcrflaclie der Kapsel 
cilrige Beliigc, kein eigentliclier 
Abszess, 

Nacli der Tonsillektomie 
verschwand das Fieber in 

1 Tagen. 14. 9. 1939. Be- 
finden gut. Harn; o. B. 

Offuen des Mundcs erschwerl- 
Racbcn und Tonsillen gerotet- 
Beidorseits . slarkes peritons- 

Odem. In beiden Mandibular- 
winkeln cin paar kicinc einpEiud- 
liclie Driiscn. 

2G. 11. 1940. Bei der Ablosung der 
r. Tonsille offnet sich cine Eilcr- 
Iiolilc, die lateralwarts voiii unlc- 
ren Poleliegt. Die ganze Tonsillcn- 
kapsel vcrdickt. Bei der Ablosung 
dor 1. Tonsille wird cin kleiner Ab- 
szess obon lateral hinter dor Kapsel 
festgestellt. Audi die Kapsel der 
1. Tonsille stark verdickt. 

Nacli der Tonsillektomie 
sank das Fieber in 2 Tagen, 
und der Aligenieinzustand 
besserte sich sclinell. Ein 
paar Wochen nach der Ope- 
ration bekam Pat. zuneh- 
niendc, vom einen Gelenk 
zum anderen tvechselnde 
Scbincrzen. In den beiden 

cmpfindliclikeil zu konstatieren. Pat. bekam Salicyl und R- 
Beliaiidlung der Plandwurzcln. Die Gelcnkbesclnverdon ver- 
schwanden allmiililich im Lauf eines Monats. Nachunter- 
suciuing am 6. 3. 1941; Symptomlos. 

Offnoii des Muiides erschwert. 
Weicher Ganmcn, Uvula und Gau- 
monbogcn gerotet und gescluvol- 
len. R. Tonsille daumeiispitzen- 
gross, belegt. L. bis in die Mittel- 
linie verscboben. Hire Obcrflaclie 
belegt. Vordcrteil des 1. Gaumen- 
bogeiis vorgcbuclitet. In den Kie- 
ferwinkeln daunieiispitzcngros.se 
zieinlich ciiipfindliclic Driisenpa 

1 Icetc. 

5. 3. 1941. Die Tonsillen dau- 
menspitzengross, geduiisen. La- 
leralwSrts von der 1. Tonsille 
eiii grosser pcritonsiJlarcr Abszess 
Hinter der r. cine kleiiie Eiter- 
liohle, worin 1 — 2 cin“ Eiter. Die 
Tonsillen Ibsen sich inassig leichl 
ab. 

Das Fieber verschtvand 
inncrlialb 2 Tagen nach der 
Operation. Heilung der 

Wunden normal. 

Wciclicr Gaunieii, Gaumenbogci 
und Hintcnvaiid des Schiuiide 
gerotet und gescbwollen. Star 
kor Foetor ex ore, Tonsillen gross 
rot, teihveise mit graueii Bcliigen 
Beide Tonsillen und vordere Gau 
inenbogen stark iiacb der Mittel 
linie vorgewblbt, so dass sie sicl 
bier beinahe beriiliren. In dei 
Kinnladen starlccr Trisniiis. 

10. 3. 1941. Beide Tonsillen dan 
monspitzeiigross und mit Eiter 
beliigen. Bei der Ablosung der 1 
, offnet sich ein umfangreicher peri 
. tons. Abszess. B. Tonsille etwa; 
adliarent, lasst sich jedoch stump 
abiosen. Ausseriialb ilirer Kapsel 
1 am hintereu Gaumenbogen, eir 
1 — 2 cm’ Eiter cntlialtender Ab 
szess. 

Nacli der Tonsillektomie 
sank das Fieber in 2 Tagen. 
Heilung der Operations- 
wuiiden normal. 

> 

1 

Weiclier Gaunien, Gauiiionbogei 
■; und Hintcnvaiid des Scliliinde 
gerotet. Links cine zicnilich stark 
pcritonsilliire Anscliwellung. Ton 
sillen daumeiispitzengross, grubig 
gerotet. 

M 

1 1. 4. 1941. Hinter dem oberei 
Pol der 1. TonsiHc offnet sich eim 

2 fingerspitzeiigrosse Eiterhbhle 

- Beide Tonsillenkapselii ziemlicl 
, stark iiarljig. Gewebe der Tonsil 

Ion gewbhnlich. 

Nacli der Operation einen 
Tag afcbril. Heilung der 
Wunden normal. 

. '' 
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kcnncn. Die Zahl clcr Promyclohlaslen war erhoht . In tleu Fallen 31 
imd 32 lag sic ausserhalb tier nonnalcn Varialionsgrcnzc, and bei den 
andereu 4 Palicnlen belief sic sicli im Millcl auf 8 %, cnLsj)iet‘liend 
5% tics nonnalcn MiUelwerlcs. Die ^fengen tier Myclozylen bis zu 
den scgmcnlkcrnigen Leukozylcn scbwanklcii, bald n-aronsic ver- 
inchrl, bald vcrininderl odor zeigleti norinale I Idhe. Lyinpliozyten 
naren bei nieincn Fallen durchsolinitUich 17 % vorlianden. 
Hire Menge zeigl iin Vergleit'.li zn tier nonualen (M %) cine Xci- 
gung zuzuneliinen. RcUkuhun- und Plasinazcllcn wiirdcn zald- 
reichcr a!s gcwdhniicii and zivar durchscluiit-Uich 11 je 400 Lctiko- 
zylen angclroffen. Wie das am Anfang crwiibnlc Verliiillnis zii 
erkennen gibl, war die Menge tier erylbroiseben Zellcn zngmislen 
der niyeloisdlien vcrininderl. 

Yon den oben angcfuhrlen Verandernngen siiul die myeluiselie 
l-Ij']icrplasio, die Eosinopenie, die Linksversehiebung der Nenlrojdii- 
len und <lic Zunalnncdcr Uelikulumzellen Heaklionen, wie sic von 
den akulen Infeklionen gcwdhnlieh im Mark hervorgerufen werden 
und die aiis friilieren Unlcrsuclumgen bekannt sind. Die Starke tier 
Reaklion kann im Zusammenhang mil der Angina bcdcnlondc 
Masse annclnncn. Kluma .sowie Nohdenson betrachlen die infek- 
liflse Reaklion als stark, wenn die Gesaml menge der Promyelozy- 
ten und Myclozylen im Mark 30 % fibersleigl. In ineinem I'all 

31 fanden sich von tlie.scn Zellcn zusammen 38 % und in Fall 

32 33 %. Das Knochenmarksbild cntsjirach bei dic.sen Patienlcn 
YAjfAMOTo’s oreilem Promyclozylcmnarko .sowie Rauta’s nstar- 
ker — selir starker Rcaktion». Die Punktatc der Fallc 27 und 20 
zeigten cine Vennehrung der reifen Ncntropbilcn (Segment- und 
Stabkernigen), wobci cs sicb nacb Baut.v um cine omassige Iteak- 
tion» iiandell. In don Fallen 28 und 30 standen die Worlc tier 
mycloisclien Zcllgruppcn den nonnalcn Mitlclwcrten nuher als bei 
den ancicren Patienlcn; dock war die Zalil tier Promyclozytcn 
auch bei diesen lioch. Roim erwabnt, cr babe bei schweren 
chronischen Infektioncn Knochenmarksbilder angclroffen, fiir die 
einerscits cine Zunahmc der Promyelozylcn und andercrseils cine 
solclic ferligcr Zellcn kcnnzciclmcnd ware. Wenigslens in Fiillcn 
27 and 29 liegt cin ziemlicli alinliclics Knochenmarksbild vor. 
Ich mochte dies bclonen, da cs sich in meinen Ffdlen niclit um 
cine akutc Infektion bei friiher gesunden Patienlcn, sondern 
um das akutc Stadium ciner chronischen Infektion handellc. — - 



Tabelle 20 . 

Die Blutbildcr der gewohnlichen Angina-Falle. 
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Das Knoclicnniarksbild in Fall 28, in dcni als Koinplikalion cine 
Nephritis voriag, wich nichl besonders von den andcren ah. 

Die Neigung znr Vcrmchning dcr Lyinphozyten isl cin Befund, 
der nichl zn deni von akulcn Infeklionen hervorgerufenen Reak- 
lionsbildgehorl. KlimauiuI Bonn haben bci andcren aknlcn Infek- 
lioncn im Gcgcnlcil bemerkenswerL niedrige Lymphozylciuvcrlc 
feslgeslelll. Das erklilrl sich aus der inycloischen I lypcrplasie dcs 
Knocheninarkes. Ebenso win die Mcngc der EryUiroblaslcn ini 
Pnnklal auf Koslen dcr inyeloischen Zellcn abninnnl (was sich in 
dcr Veriindernng dcs EryUiroblaslen-Lcnkozylcnindex ausscrl), 
werden auch die Wcrlc dcr Lyniphozyten kleincr. Dass in den 
Lyniphozylcnwcrlcn ineincr eigenen Falle diese gcwdhnlichc 
Abnahmc irolz dcr bcdeulcnden inyeloischen Hj-jicrplasie nicht 
nachzuwciscn isl, liissl erkennon, dass die Mengo dcr 
L y in p h 0 z y I c n bci den P a I i c n t c n grosser als 
gcAvdhnlich gewesen isl. Dies isl cine FesLslellung, 
die friiher nichl iin Schrifllnm gcinachl worden isl. In dicsem 
Punkl enlsprechcn mcinc Ergebnisse den Befunden bci Fallen init 
Tonsillitis chronica, bei denen auch cine Vcrmehning dcr Lynipho- 
zylcn auflral, iind besUiligen die bcrrscbcndc Anffassnng, dass die 
akulc und die chronischc Tonsillitis oft vcrschicdcnc Phasen ein 
und dcrselbcn Krankhcit sind. 


Das w c i s s c B 1 u I b i 1 d (Tabcllc 20) zeiglc v o r der 
T 0 n s i 1 1 c k 1 0 in i c, wic zii crwarlen war, cine nciilropliile 
Lcukozytose. Die Gcsaintmcngc dcr weissen Bhitkorpcrchcn 
schwanklc bci meinen Patienten zwischen 12000 und 22800. Zwi- 
schen dem Bclrag dcr Leukozytose und dcr Starke dcr Knochen- 
niarksreaklion ist kein Parallel isnnis fcslzuslellcn. Trolz dcr Lcu- 
kozylosc war die Linksversebiebung dcr Ncutrophilcn rclativ 
gering. Jlclamyclozylcn kamen bci keincm Patienten vor, und 
die Zahl der Stabkernigen war nur in cinem Fall (29) erhoht. 
Durchsclinittlich waren slabkcmige 5 % vorlianden. Ansserdem 
zeiglc das weisse Blutbild in 3 Fallen cine Eosinopenie. 

Das rote Blutbild stand bci alien Patienten auf normaler Hdhc. 


Die Sternalpunktion wurde 1 — 3 Tage nacli 
dcr Tonsillcktomic ausgcfuhrl. Die mycloische Hyper- 
plasic war da noch starker als vor dcr Operation. (Der Eiyrihro- 
blasten-Lcukozytenindex war 1:18.) Unter den Veran- 
derungen, die friilier in den gegcnscitigen 
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c) B e s p r c c li u n g d c r E r g c li n i s s c. 

Die Fallc zcigcn, class die akutc Tonsillitis im Knochcnniark 
einen dcutlichen Rcizzustand hcrvoiTiift, dessen Starke individuell 
wcchselt unci clcr cbenso grosse I^Iassc cn-eiclicn kann wie z.B. bci 
Pneumonicfallcn. Die Veranclcningcn waren iilinlichcr Arl, uic sic 
in dcr friiheren Litcratur im allgemcincn bci anclercn akuten Infck- 
tionen angetroffen worclen sincl. Von cler gewobnlicbcn Reaklion 
abweicbend, traten jedoch Zcicbcn auf, die auf einc Erbobung dcr 
LjTuphozylenzahl im Mark liinwiesen. Fcrncr ergab sicb als nciicr 
Befund, dass die Tonsillcktomic cine Verstarkung clcr sebon vorher 
bestchenden Reaktion bewirkte. Yon clem (lurch die Operation aus- 
gclostcn zusatzliclicn Rciz zeugtc aucb die glcicbzcitige Zunahmc 
der iJnksvcrscliicbung dcr Ncutropbilen im pcripjicrcn Bint. Nacli 
cler Tonsillcktomic vcrsclnvandcn die infcklioscn Blutvcrandcrun- 
gen chva im Lauf cincr Vochc. Im Knochcnniark sebien die Rcak- 
tion cbvas liingcr zu dauorn. 

Alls cicn Tonsillitis acula-Paticnlen wollte icii cin Kontroll- 
niaterial zusammenbringon, mit clem icb die oben bcsprochcncn 
Granulozytopenie-Fiilic vcrgleichcn konnte. Trotz cincr kliniscli 
iilinliclien Tonsillcninfcktion waren die liamatologiscbcn Ver- 
iinderungen in beiden Gnippen einander cnlgcgcngesclzt. Im 
Mark zeigte sick bci den Granulozytopcnic-Patienlen cine Bchin- 
dcrung dcr Leukopoese unci in den gewobnlicbcn Anginafallcn 
umgekcbrt cine bcscblcunigtc Funktion. Die Veriindcrungen dcs 
Blutbildcs lici dcr Granulozylopcnic-Angina iiildctcn gewisser- 
massen cin Spiegclbild dcr normalcn Reaktion. Dcr Effekt dcr 
Tonsillcktomic war in den Fallen licicler Griippcn clcr glcicbc. Die 
kliniscbcn Symptome verscbwanclcn nacb clcr Operation rascb, unci 
die einander cntgcgengcsctztcn liamatologiscbcn Veranderungen 
erloscbcn ungcfiibr nacb glcicb langcr Zeit. lilcinMatcrial an gewobn- 
licbcn akuten Tonsillitidcn sowic an Granulozytopcnie-Angincn ist 
jcclocb zu klein, als dass icb auf Grunddesselben endgiiltig Stcllung 
zu clcr Fragc nebmen konnte, wic oft sicb mit dcr Tonsillcktomie 
einc clerartigc gunstige klinisebe und bamatologiscbc Wirkung 
verbinclet. 

Im Licbtc dcs normalen Reaklionstypus ist cs moglicb, die 
V irkungsart clci ronsillektomie auf die Granulozylopenie-Anginen 
genauer Zu beurtcilen. (In dicsem Zusammenbang babe icb Fall 25 
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imijcrucksichligtgelassen.) Es konncn zwei Altetnativen inBetracht 
koiiimcn. Erstens kann die Tonsillektomic auf die Myelopoese als 
iinsi)czifischcr Reiz wirkcn. Es hat sicli namlich lierausgestellt 
(duN'G, Stahl), dass die chirurgischen Massnahmen (auch die asep- 
tischcn) im allgenieincii im Blutbild cine ncutrophile Leukozytose 
uud inilhin wahrsclicinlicli auch im Knochenmark eine Reaktion 
vcrursachen. Wie crwiilmt, trat im Mark meiner Anginapatienten 
cin dcrartigcr durch die TonsillckLomic ausgelostcr Reiz auf. Ein 
soldier war wahrschcinlich auch als zur Heilung der Krise beitra- 
gendcr FakLor bei mcineu Granulozytopcnie-Fallcn vorhanden, ob- 
wolil cr infolge dcs pathologisclien Charakters der Markreaktion 
nicht auf dicsellie Weise wic in den Anginafallen zum Vorschein 
kain. Die anderc in Betracht kommendc Alternative ist, dass die 
millels der Tonsillektomic crrcichte Beseitigung des Infektions- 
hcrdcs die spezifischc Urs'ache darstellt, die zur Unterbrechung 
der Krise fiihrl, ebenso wie sie bei den Anginapatienten das 
schncllc Vcrschwinden dcr LeukozjTosenrcaktion nacb dem vor- 
ausgehenden zusalzlichcn Reiz bewirkt. DasAbklingen desFiebers 
und die raschc Besscrung dcs Allgemeinzustands sprechen meines 
Erachtens dafiir, dass hauptsachlich diese Alternative wirksam war. 


d) Ziisammcnfassnng. 

Die Einwirkung dcr akulcn Tonsillitis und der ivahrend dersclkn 
ausgcjuhrlcn Tonsillcklomie auf die Hiimalopocsc ivurdc in 6 Fallen 
unlersiichl. Vor der Tonsillcklomie zciglc das Knochenmark eine 
mgcloische Hgpcrplasic, cine Linksverschiebung der myeloischen 
Zellcn, cine Eosinopcnic und eine Vermchrung der Rciikulumzellen, 
Die Zahl dcr Lijmphozglcn im Mark war grosser, als cs bei akuten 
Infektionen im allgcmeinen dcr Fall isl. In den Blulbildern Iral 
cine nculrophilc Lcukozijlose auf, an die sich eine Icichie Links- 
verschiebung angeschlosscn hatle. In den ersten Tagen nach der 
Tonsillektomic war die infcklibsc Reaklion des Knochenmarkes 
noch starker als vorher und die Linksverschiebung im peripheren 
Blul gcslcigcri. Die Veranderungen dcs Blulbildes verschwanden 
nach der Tonsillcklomie schnell, obwohl nicht so schnell wie das Fieber. 
Die Veranderungen im Slcrnalpunktai glichen sich langsamcr aus, 
denn sie beslanden ieilweise noch 10 Tagc nach der Tonsillektomie. 
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D. Die FiiMc mit Tonsillitis chronica. 

1. Friilicrc h a ni a to 1 ofj isch c U n 1 c rsn c h u ng e n, 

K n 0 c h c n in a r U s u n 1. e r s u c h u n g e u hoi chronischer 
Tonsillitis luibc icli in cler fniheren Inlcraliir nur cininal gofunden. 
Kuma cnviiiinl niiinlich oinen hall, in deni das >rark hui nor- 
malein Diffcrenliaiiiild der Lcnkozylcn solir zcllenrcicli war. 

Dagegon sind vielc Untersiudmiigen iilter d a s B 1 u I 1) i I d 
in dein uinfangreirhcn Si'hrifllnin anziitvoffon, das sir!) mil der 
Fokalinfcklion liesrlirdligl. Durcli syslcnialisHic Unlcj-siirliiingcn 
lial man die Fragen aurzulu'llcn vorsnclit, oh lokale hjilziindiings- 
herde Beaklionen iin Blulhild liervorrufen nnd nh die BesLiinnuing 
dessellien hei der Diagnose der I'okalerkranknngen von N'nlzen isl. 
Die ineislen dicser Arheilon sind in Fallen ausgefiihrl worden, hei 
denen mir Zalinlicrde vorlianden waron, and nnr weiiige hehandehi 
ausseldiesslich die Verandemngen, die diirrli rlironiselie Tonsillitis 
ini Blulhild verursaehl worden. F.inc allgenieine Vor.slellnng von 
den zulelzl erwrdinten Unte.rsuelnmgen ehenso wie von denen, 
die die dureh einen Fokalherd iin Blulhild hewirklen Veritiule- 
rungen ini allgenieinen helreffeii, giht Tahelle 31) auf Seilc 130. 

Aus den angefiilirlen Unlersucliungen gelil liervor, dass das 
Blulhild hei chronisclicr Tonsillitis normal sein kann. OfL 
komnien darin jcdocli jiatliologisrlie Veninderiingen vor, ohwolil 
die Ahweiclniiigen voni Xormalen im allgenieinen nirhl sehr erlich- 
licli sind. IMier das role Blulhild finden sieh uur wenig .\ngahen. 
Einige .Autoren liaheii keine Veranderiiiigen darin konslalierl, 
anderc dagegen cine Xeigung zu liypochromer Anamie. Ljan- 
pliozylosc und Linksverscliielmngder Nculrophilen sind die Veran- 
dcningen dcs weissen Blulhildes, die. am liaufigslen reslgestelll 
warden. Die Ergehnisse der verscliicdenen I'orscher .slimnien niclit 
iiherein, sondern divergicren viclmelir in manclion Piinklcn. Das 
zeigl sicli aucli in den zalilrciclicn Unlcrsueluingeti, die den Ein- 
flu.ss der Zaliiilicrde. auf das Blulhild hcruliren (Buyakt und Pole- 
wiT.SKY, McConnei., Goi.owanow’a und Milarhciler, ITadex, 
Hauvey und Aniarlieilcr, IIeckeh. Hume, Linkneh, Logan, 
Nieuaus, Po-iTEu und Milarhciler, Piuce, Byggi:, Touicn). Zu 
dcr Verscliicdenlicil dcr Rcsullalc lial augenschcinlicli Icihvcisc die 
ungleiclic Art dcr Unlersucliungsinalcrialien hcigelragen. Aus 
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den Veroffentlicliungen ist oft schwer zu ersehen, welclies das 
klinischc Kranklieitsldld der Falle gewesen ist. Es wird nichtimmer 
liinreichend klar, ob die Patienten ausser den Entzundungsherden 
aucli von diesen lien^orgenifene Sekundarkrankheiten batten. 
Von Bedeutung fur die Art und Starke der Veranderungen ist es 
auch, in welcliem Stadium sicli die Fokalinfektion des Patienten 
befindet. Es ist allgemein bekannt, dass der klinische Verlauf 
einer Fokalinfektion vellenfdrmig ist. Der Herd ka'nn lange latent 
Oder isoliert bleiben und nur zeitwcise Zeiclien eines aktiven Pro- 
zesses geben. Im ganzen deuten diese Untersucliungen darauf bin, 
dass die clironiscbe Tonsillitis und die periapikalen Zabninfek- 
lionen oft auf das Blutbild cinwirken. Das Bild, das man mit ihrer 
Hilfe von der Hamatopoese erhalten hat, ist jedochunvollstandig. 

Die Reaktion, velclie die im }>kalten» Stadium ausgefiihrfe Ton- 
sillektomie im Blutbild ausgclost bat, ist von Androli und von 
Cal.\bresi studiert vorden. Nacb der Operation findet man 
Leukozytose, Linksverscbiebung und relative L^unphopenie, 
Veranderungen, die nacb dem erstgenannten Autor scbon nacb 
einem Tag und nacb dem letztgenannten nacb 4—5 Tagen 
versclnvinden. 


2. Eigcne Untersucliungen. 

a) Kliniscbe Daten. 

Allgemeines. 

3Iein ^^laterial an cbroniscben Tonsillitiden babe ich in der Medi- 
ziniscbcn Poliklinik der Universitat gesammelt. Die Tonsillektomie 
wurde in der Oto-Laryng. Klinik ausgefiihrt, von avo die Patienten 
unmittelbar nacb der Operation in die Idiniscbe Abteilung der 
Poliklinik zuriickgescbickt wurden. (Die beiden Kliniken liegen 
nabe beieinander.) 

Von den Patienten Avaren 30 Frauen und 15 Manner. Das mitt- 

lere Alter betrug 25.7 Jabre. 

Wie friiber erAvabnt, vmrde bei alien Patienten eine genaue 
kliniscbe Untersucbung vorgenommen. In der Anamnese A\ur e 
besonders auf das Vorkommen von Infektionen geachtet 
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of sucli reactions. Tliis finding is in accord with that of Hartung 
{1943) and Secher (1946). Especially in winter and in spring in 
our country it is necessary to supplement the diet by vitamin C 
tablets or compounds. Infections, such as rheumatoid arthritis, 
cause a fall in the ascorbic acid content of the blood, Rinehart 
et al. (1936), Secher (1946). Low values in ascorbic acid are to be 
found especially in winter and spring in the northern countries 
(Hafrestrup-Andersen & Normann, 1945). Our experience goes 
in the same direction as that of Secher: since the introduction of 
vitamin C therapy 10 years ago we have had no case of throm- 
bocytopenia (under 100,000/c.m.). 

The large retention of gold during its. administration is an im- 
portant thing that must be borne in mind. The mean excretion of 
gold in the urine — about 80 per cent of the total excretion 
(Ereyberg et al., 1942) in the case of these gold salts — has in 
this series shown values between 1.40 and 0.40 mg per diem or 
between 10 and 3 mg per week. At the same time between 120 and 
30 mg of Aurum have been given per week. During the course of 
gold therapy with such doses, about 80 — 90 per cent of the injec- 
ted gold salt apparently remains in the body, and we have found 
gold in the plasma six months after the last injection of gold in 
this series (cf. Freyberg et al., 1941, Comroe, 1944). 

The treatment of the reactions following crysotherapy has up 
to the present been purely symptomatic. In the case of sldn 
reactions we have given 2 g of calcium gluconate 3 times daily 
per os and 10 ml of 10 per cent solution of calcium gluconate 
intravenously daily. Sodium thiosulphate is also given intraven- 
ously, 10 ml daily in 10 per cent solution. For the special skin- 
treatment Boeck’s liniment and other ointments. Atropine for 
the pruritus. 

This treatment has not been of so good effect. The reactions, 
especially the complications from the sldn, Iddneys and blood, 
have often been of considerable duration, severity and capricious- 
ness. For that reason the new treatment of such Reactions with 
BAL (2,3-dimercaptopropanol) has been greeted with delight. 

•Recently we have had an opportunity of treating two cases of 
gold-dermatitis mth BAL. 

The first case was a man of 37 years with a relatively fresh 
rheumatoid arthritis (S. R. 40/1 h., AST neg., Agglutination 
against haemolytic streptoc. pos.), Avho was given in all 0.35 g 
of Myotal (aurothiogluconate). Three days after the last i. m. in° 




Klinisclic Aiigabcn fiber 



Alter 

Geschlcclit 

Beruf 

A n a m n e s e 

Allgemeinzustaiul 

Toiisillciistati;! 

33 

32 

? 

Bauersfrau 

(Nr. 72/39.) ^ Wahrend 
eines Jahres sind iibel- 
riechende »Graupen» in den 
Mund aufgestiegen. Oft 
Schmerzen im Schlund. An- 
dauernd milde. Ein paar 
Mon. lang wecbselnde 
Schmerzen besonders im 
Riickeu und in den 
Schultern. 

is. 4. 1939. 0. B. 

Damneiispilzcn- 
gross, grubi't. 
zalilreirlic 
Pfriipfe. 

34 

26 

? 

Hausange- 

stellte 

(Nr. 79/39.) Mit 16 J. 1/2 J. 
Gelenkrheumatismus. Da- 
mals wurde ein Klappen- 
fehler im Herzen festge- 
.stellt. Wahrend der 2 letz- 
ten J. Atemnot bei An- 
strengungen. 2 Mon. lang 
wieder wechselnde Schmer- 
zen in den Geicnken, haupt- 
sachl. in den Knien und 
Fusswurzeln. Im Racben 
ein paar J. lang oft Enipt 
findlichkeit. Pat. hat keine 
fieberhaften Anginen ge- 
habt. 

26. 4. 1939. Allgemein- 
zustand massig gut. An 
den Fusswurzeln und 
Knien Tastempfindlich- 
keit. Ober dem l-Icrzeti 
ein rauhes syst. Gc- 
rausch. t)ber dcr Spitze 
ein diast. Gerausch. 
Rontgen: L. Vorhof- 
bogen prominierend. 

Retrokardialranm in 
seinem oberen Toil ver- 
schmalert. Ekg. 0 . B. 

Fingcrspilzcn- 
gross, gcrolcl.l!! 
beiden Pfroplo. 

35 

11 


- 

Schuler 

(Nr. 87/39.) Wahrend eines 
Jahres Rachen hin und 
wieder empfindlich und 
schmerzhaft. Neigung zu 
Schnupfen, Husten und 
Te m p e r at u r erhohun ge n . 
Andauernd miide. Vor 

3 Mon. Maseru ohne Kom- 
plikationen. 

10. 5. 1939. 0. B. 

Gross, grubi?. 
In bcidcii Sekret 

36 

17 

3 

Arbeiter 

(Nr. 94/39.) Als Kind 
Milchgrind. Mehrere J. 

Neigung zu Schnupfen. Vor 

5 Mon. Angina. Bekam 
bald danach abends beim 
Schlafengehen asthma- 

tische Anfalle, die etwa 1 
Std. dauerten. Vor 2 iilon. 
wieder Angina, wonach die 
asthmatischen Anfalle ei- 
nige Zeit schwercr. ) 

20. 5. 1939. Allgemcin- 
justand gut. In den 
l.ungen sparlich pfei- 
'endes Rasseln. 

Daumcnspilzt"- 
gross, grubig. I'l 
beiden pfrOptf- 


^ Die Nummerii in dicser Tabelle bezielien sicli auf das Journal dcr klinisclien 
der Poliklinik. 







Zalinslalus 



Mildigkeit. 

Gclenkheschwer- 

dcn. 


■ Opcrationsbetunde ftbei 
Zcitpunkt der die Tonsillen, Fieber 

Tonsilickto- odor auderc Reaktionen „ • - 

mic unmitteibar nach 
Operation 


19. 4 . 1939 


Einvge karidse Stenosis ostii 29. 4. 1939 
Zilhno. Rontgon; atrioventr.siii.et 
Koine periapika- insuff. valv, mil- 
ieu Veriinderun- raiis.' Polj’-artii- 
gon- ritis subacuta. 



Daumeiispitzcngross, G. 1 . 1941. Toilt brief- 
narbig, besondors die itch mit, class sie nicht 
•'•’Ice. zur Nachuntersuchung 

kommen kann. Hat sicli 
nach der Tonsillektomie 
sonst Avohl gefiihlt, aber 
fortgesetzt Herzbe- 
sclnverden. 



13. 5. 1939 


2S. 8. 1939. Symptom- 
los. Soil der Operation 
keinc Infektionen. 


Asthma bron- 
chialc. 


24.5.1939 Harbig.sehrfestmitdorO. 12. 1940. Nach der 
Umgebung verwadisen, Tonsillektomie keine 
die 1 . daumenspitzen- astlimntischen Anfallc. 
gross, die r. ctwas gros- 
ser. Nach der Opera- 
tion an 2 Tagen sub- 
febrile Temperaturer- 
hiihung. 
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Talelli 


Klinische Aiisaben flh.. a;, 


Alter 

Geschleclit 

Berut 

A n a m n e s e 

Allgemeinzustand 

Tonsiilenstalas ^ 

37 

43 

s 

Landwirt 

(Nr. 1751/39. Krankenhaus 
MeUilainen.) Hatte in jun- 
gen Jaliren mehrere Angi- 
nen, vor 14 J. nach Angina 
eine Nierenentziindung, die 
bei Anstaltsptlege schnel 
lieilte. Wahrend des letzteii 
y 2 J. oft Empfindlielikeit 
im Rachen uiul wechselnde 
Schm'erzen in den Gclenken 

9. 6. 1939. 0. B. Ekg 
0 . B. In den Faze; 
Bothriocephalus-Eier. 

Daumenspitzen- 
. gross, gerolel.in 
beiden llussigc: 
Sekrct, 

38 

30 

? 

Bauersfrau 

(Nr. 1749/39. Kranken- 
hans Mehilainen.) Hatte 
wahrend 12 J, mehrere 
Anginen. Vor 3 Mon. Mor- 
billi. Danacli Neigung zu 
Schnupfen, oft leichte Ra- 
chenschmerzen und zugleich 
unbedeutcnde Temperalur- 
erhohung. Andauernd aus- 
serordentlich miide. 

9. 6. 1939. 0 . B. In den 
Fazes Bothriocephalus- 
Eier. 

Fingerspitzcn- 
gross, gcrolel 
grubig. Bcson 
ders in der r 
Sekret. . 

39 

39 


Bauerstrau 

(Nr, 118/39.) Seit dem 18. 
Lebensjahr Anginen fast 
regelmdssig 2 mal im J. 
Zweimal ein Peritonsillar- 
abszess. Zuletzt Angina 
vor 2 Mon. Danach fort- 
gesetzt vom eincn Gelenk 
zum anderen wechselnde 
Schmerzen. 

29. 6. 1939. Allgemein- 
zustand gut. Tastemp- 
findllchkeit an den Fuss- 
wurzeln, Knien, Hand- 
wurzeln, Ellbogen- und 
Schultergelenkcn. 

Dautnenspitzcn- 
gross, . grubig 
Zalilreiche Pfrop 
fe und flussigc 
Sekret. 

40 

20 


Hausange- 

stellte 

(Nr. 124/39.) Vor 4 J. An- 
gina und danach eine Nie- 
renkrankheit und Gelenk- 
rheum'atismus, weswegen 6 
W. im Krankenhaus. Da- 
nach Anginen 1 — 2 mal 
jahrlich, zuletzt vor 3 Mon. 
Wahrend des letzten J. 
besonders miide. 

7. 7. 1939. 0. B. 

Fingerspitzcn- 
gross, grubig 
In dcrl. Plropk 
In heiden Kiciei 
winkeln ein paa 
kicine Drfisen. 

41 

33 


Tapezierin 

(Nr, 119/39.) 3—4 J, im 
Raehen oft Empfindlich- 
keit und Schlingen zeitwei- 
lig erscUwert. Eigentliche 
fieberhafte Anginen hat 
Pat, nicht gehabt. In den 
Gelenken manchmal kurz- 
dauernde Schmerzen. 

Wahrend der letzten Mon. 
Neigung zu Atemnot, Hcrz- 
klonfen und Mudigkeil. 

16. 8. 1939. Allgemein- 
zustand massig gut. 
Probefriihst.: Achylic. 

r 

Daunienspitzen- 

gross, gcrotct, )- 
beiden Phopf'^- 
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21 (Forls.)-. 

Tonsillitis chro/iica-FaHe. 


Zahnslalus 

Krankheiten 
Oder S 3 ’inptome 
ausser der Ton- 
sillitis 

Zeitpunkt der 
Tonsillekto- 
mie 

Operationsbefundc uber 
die Tonsillen, Fieber 
Oder andere Reaktioncn 
umnittelbar nach dcr 
Operation 

. - 

Decursus. 

Spat-Nachuntersuchung 

3 karlSse Zahnc. 

Gelenkbcschwer- 
dcn. Helminthia- 
sis (Bothrio- 

ccphalus). 

10. 6. 1939 

‘ 


Eluige Ziihne 

CcWaii, die (ibri- 
gca gesuad. 

Mudigkeit Hel- 
minthiasis (Bo th- 
riocaphalus la- 
tus). 

10. 6. 1939 

. 



^^el^rc^e kariose 
W'urzcln. 



Polj-arthritis 

acuta. 

30. G. 1939 


Die kariosen IVurzeln 
einige Tage nach der 
Operation extrahierl. 
Hat Rdntgenbehand- 
iung melircrer Gelenke 
bekommen. 14. 8. 1939. 
Befindcn gut. In den 
Gelenken keine Schtner- 
zen und keine Tastemp- 
iindlichkcit. 

0. B. 

Mudigkeit. 

S. 7. 1939 

R. Tonsilic sauber. In 
der 1. Ptropte. Ihre 
Kapsel verdiekt and 
narbig. Nach der Toa- 
sillektomic 2 T. leichtc 
T emperatnrcrhbhung. 

14. 8. 1939. Sjanplom- 
los. 

2 kaviosc Zabac. 

Anaemia hj^po- 
chromica. Ge- 
lenkbesclnvcr- 
den. 

17. 8. 1939 

Am Tage nach dcr Ton- 
sillektomic leichtc Tcm- 
peralurerhohung. 

24. 11. 1939. Allgc- 
meinbefinden bedeu- 
tend verbessert. Keine 
Gcleiikbeschn'crden. 

Hat last regelinassig 
Eisen genomraeu. 

■ 



Gesclilecht 




43 17 


A n a m n e s e 


Landwirts- (Nr. 146/39.) Vor 8 Mon. 21. S. 1939. Allgemein- 
sohn Masern. Vor 5 Mon. zustand mitgenommen 

Schnupfeu und Eiter in den Ekg: o. B. 
OberkieferhoWen mit Ge- 
nesung nach 2 Punktionen. 

Etwas spater Angina. Vor 
4 Mon. rechtsscitige Pneu- 
monie, wobei 10 T. Fieber. 

Sofort danach ieichte An- ' 

gina. Seitdem fast andau-i 
ernd Empfindlichkeit imj 
Rachen. Pat. ist sehr rniide' 
gewesen. 


Stuclierender (Nr. 145/40.) Seit dem 9.26. 6. 1940. 0. B. 
bis 10. J. mehrere Anginen. Ekg: o. B. 

Vor 2 J. ein Peritonsillar- 
abszess, Zuletzt Angina 
vor 2 Mon. Klagt Qber er- 
schwertes Schlingen und 
andauernde Miidigkeit. 


Lokomotiv- (Nr. 147/40.) 'Wabrend 7 J. 1. 7. 1940. 0. B. 
heizer haufid Anginen und meb- 


TonsillcnsLilus 


Gross, einandcr 
fast crrcicliend, 
firubig. In den’ 
KiclerwinJidn , 
einige erbsen-j 

grosse, ieidit 
schmcrzhaftc 
Driisen. 



haufig Anginen und meb- 
rere Peritonsiilarabszesse. 

Zuletzt Angina und im 
Zusammenhang damit ein 
Peritonsillarabszess vor 2 
Mon. Danach fortgesetzt 
sehr mvide und wieder- 
bolt Ieichte Schmerzen in 
den Knien und Fusswur- 
zeln. 


(Nr. 149/40.) Wabrend 8. 7. 1940. O. 
4 — 5 J. mehrere Anginen, 

, zuletzt vor 2 Mon. Danach 
standlge Schmerzen im 
Rachen und starke Mhdig- 
keit, so dass Arbeit unmog- 
lich. 


Flngcrspilzcn- 
gross, gcrdfct, 
grubig. 


SeJir gross, fast 

anejna7)dcrstos* 

send, grubig. In' 
beidcn Kickr- 
winkcln cin paar 
klcine DrOscn. 1 


Viehpflege- 

rin 


(Nr. 156/40.) Vor 9 nnd 3 IS. 7. 1940. 
J. schwere Angina. Das den Stuhlen 
vorige J. im Rachen ab cephalus-Eier, 
und zu Ieichte Schmer- 
zen und fortgesetzt unge- 
wohnlich starke Miidigkeit. 


O. B. In Daumcnspitzan- 
Bothrio- gross, gcrolcl. 
grubig. 
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21 (F()rt5.)- 

Tonsillitis chronlcn-Fi'iUo. 


(• „ . Otic-r.'illoii'.licftitiilc Olicr 

, Zvit|nii)l;l <loi ilic 'ronslllrn, I'liiirr 
'i*' ' 'W*-r *n' (iiliT kikIitc Hisiljllimi'i) . .. 

H u.unlltotl.nr nnoh ^’1-“' ■N^'<-I'""torsn. I.ni.?: 

" Oin-tiiffdil 


Znlinslalus 



lu'liati-Madij^licil 


2 knri/isc Zfilnic. CclfiiklK'scliwcr- 
ilcn. Mflilitikflt. 



I Iyi»<Tlr(ijili|M-Ii. lic-od- 

(liTs ilic iliTt'ii Ksipsi'l 

iiarblj,' iv(. Am Tiu'r 
u:U'li (IiT TonslKi-kio. 
mic 'IVntp, 


A)i"i-r(>r()cj)l)Jc)i !). s. Hcfintlcn 

ailUarcut. naililit. In (Inrcbiius- pjl, Mndit;. 

Ihroin Iniii'rn iiu'lirrrc kt'U vorscliwimtlt'ii, 
klclno I-'Hrrl\iT(U'. 


Wnimissjjross, nar))lK'. 17. 2. I'MI. Hffiiiilciij 
adh.'irt'nt. In tier 1. c-lr «ut jjrwi'Mm. Gok'iik- 
iHiUmrurossor, dli'lct'ii licscliwofdi'n vpisrlnvim 
IsitiT t'lilhnllrmli'r ili'D. 
fferd. fn (frr r. oln pain 
klcliuTo ICltorlnriK-. 

•N'iifh (Icr Oporalioii 2 
T. TcniprratnrcrlifiliuiiL' 
i>5s :i7. r. 


Mniiif’koit. 


11.7.101(1 .Schr Kross. narliln, fii I.'i. 1. 10 ll. Siihjrklh 
heWen klclirc lifter- unit ofijckllv sviniXom. 
hrnlc. ’roinp. am faf. fas. 

Itonilcu Taftc 37.3% 


.MOtliKkcll. lU'l- 10. 7, 1010 
mInlJilasi,s<n«lIt- 

rlocefdinlus). 


Walnussfiross. Makro- 2 1. 7. 10 10. lirtolf-rrirJm 
skopisrli koine lificr- Wurnikur. 
hcnlc. Am Opcr.ntlmis- 
I.UR riohcr 37.8'. 
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. Tabclle 

Klinischc Angaben liber ciic 



Anamnese 


Allgemeinzustand Tonsillenstatus 


47 16 (J. Arbeiter 


(Nr. 158/40.) In den letzten 29. 7. 1940. 0. B. 

Jabren oft Scbnupfeninfelc- 

tionen so\Yic cin paarmal 

fieberbatte Angina. Znletzt 

Angina vor 1 Mon. Danacb 

lorlwabrend Scbmerzem- 

pfindung im Scblund und 

andauernde Mudigkeit. 


Sebr gross, in 
der ]\Utlcllinic 
einander beriih- 
rend, gerotct. In 
beiden ctwas 
flussiges Selcret. 



(Nr. 191 /40.) Frubcr dann 
und wann leicbte Scbmer- 
zen im Scblnnd. Vor 2 
Mon. fieberbafte Angina. 
Danacb andauernd bocb- 
gradige Miidigkcit, oft von 
einem Gelenk zum andercn 
wechseinde Scbmerzen und 
leicbte Temperaturerho- 
bung. 


1. 10. 1940. Allgemein- Pfiaumengross, 
izustand inassig gut. grubig. In bei- 
Temp. 37.5°. Im r. den zablreicbe 
Lappen der Gl. tbyreoi- Pfropfe. 
dea ein hubnereigrosses 
Adenom. An mchrcren 
Gelenken leicbte Tast- 
empfindlicldveit. In den 
■ Stttblen Botbrioccpha- 
lus-Eier. Ekg; o. B. j 


49 30 


Rauersfrau (Nr. 205/40.) Vor 2 J. fie- 21._ 10. 1940. Allge- 
berbafter . Gelenkrbeuma- meinzustand gnt. Ai 
tismus, der obne bekannte den 
Ursacbe begann. Wurde in wurzeln Tastempfmd- 
8 W. gebeilt. Vor 7 Mon. lichkeit. 

Angina, die 1 Mon. spater 
rezidivierte, Sofort da- 
nach von einem Gelenk 
, zum anderen -wecbselnde 
Scbmerzen. Die Gelenk- 
symptome bestanden v-'ei- 
terleicbtfort. Im .Scblund 

oft Empfbnilmhkeit. 

~ — . . ..v ./V ttn, 


R. Tonsille 
pfiaumengross, 

1. etivas klcincr, 
beide grubig. Be- 
sondcrs in der 
r. Pfropfe., 


50 17 


Schiilerin 


mebrere fieberbafte Angi- Grundumsatz 10. 
nen, zuletzt vor 2 Mon., wo 
sie 2 W. dauerte. Oft 
leicbte Racbenscbmerzen. 

Menses mit dem 13. J*, 
regelmassig, bis sie y or 1 % 

J. ganz aufhorten. In 2 J. 
fiber 5 kg abmagert. Von 
Zeit zu Zeit Kopfscbmerz. 

Verdauung trage. 


Dgumenspitzcn- 

gross, blaulicb 

grubig. 

den Pfropfe. 
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Tabelle 



V. 

Alter 

o 

c 

f5 

O 

S* 

Beruf 

A n a m n c s e 

Allgemeinzustand 

Tonsillenstatus 

51 

30 

9 

Fischcrsfrau 

(219/40.) Ein paar Jahrc 
oft wicderkehrende Emp- 
findlichkcit im ScWunde 
Walirend 1 J. zcitweise 
Schmerzen in beiden Knicn. 
In den letzten Mon. be- 
merkte Pat., dass sic leich- 
tcr ausscr Atom kam ak 
Iruher. 

13. 11. 1940. Allgemein- 
zustand gut. Im r. Lap- 
pen der Gl. thyreoidea 
ein kleines Adenom 
Klang der Herztone 
leicht herabgesetzt. 

Ekg; PQ 0.22 Sek. In 
den Gelenken keine obj. 
Veranderungen. 

iMandelgross. 

Die 1. hart, voll 
Pfropfe. 

52 

26 

$ 

Hausange- 

stellte 

(Nr. 228/40.) Mit 15 J. 
zum crstenmal Angina. 

Dicsc rczidivierte danacb 
im ganzen cUva 20 mal. 
Vor 2 J. Peritonsillarab- 
szcss. Vor 4 Mon. Diarrhoe 
mit Ficbcr, wonach Pat. 
Gelenkbcscbwerden bckam. 
Die Knic warcn am stark- 
.stcn angegriffen, aus bei- 
den wurdc FlQssigkeit ent- 
fernt. Fortgesetzt leicb- 
tere Gelcnkschmerzen. 

20. 11. 1940. Allge- 
mcinzustand gut. Temp. 
37.3°. Bei den Kniege- 
lenken Palpationsemp- 
findlichkeit. Rontgeno- 
logisch in beiden Knicn, 
besonders im r., diffuse 
Entkalkung. Kristen- 
sen — . 

Klein, gerotet. 

53 

26 


Hausangc- 

stclltc 

(Nr. 243/40.) Wahrend 4 J. 
mindestens 5 mal fieber- 
hafte Angina, zuletztvorl 
Mon., wo sie 1 W. dauerte. 
Danach forlgesctzt Mudig- 
keit und leichte, vom cinen 
Gelenk zum anderen weeh- 
selndc Schmerzen. 

11. 12. 1940. Allgemein- 
zustand gut. Empfind- 
lichkcit in den Knie- 
und Fusswurzel gelen- 
ken. Ekg: 0 . B. 

Fingerspitzen- 
gross, grubig. Ir 
beiden Kiefer- 
winkeln ein paar 
leicht schmerz- 
hafte Drttsen. 

54 

16 


Landwirts- 

sohn 

(Nr. 10/41.) Seit dem 7. 
Lebensjahr zahlreiche An- 
ginen, zulctzt vor 10 Mon. 
In den letzten Mon. an- 
dauernd miide. Kami 

nicht arbeiten. 

4. 1. 1941. Allgemein- 
zustand gut. Temp. 
37.2°. 

Kleinfingerspit- 
zengross, grubig. 
In beiden fliissi- 
ges Sekret. 

55 

38 


Arbeiter 

(Nr. 32/41.) Flatte mit 4 J. 
eine Nierenkrankheit. Vor 
J. Diarrhoe, wonach an- 
dauernd Riickenschmerzen. 
Der Arzt stellte eine Nie- 
renentzundung fest. Pat. 
hat trotz dem Rat des 
Arztes fortwahrend gear- 
beitet. Vor einem Mon. 
Angina, wobei 3 T. Fieber. 
Danach der Rachen fort- 
gesetzt empfindlich. 

5. 2. 1941. Allgemein- 
zustand gtit. Blutdr. 
165/90. Folin 40 mg%. 
Ham: Eiw. %®/oo- 
dim.: Reichlich Ery- 

throz., sparlich Leukoz. 
und granul. Zylinder. 
In den Fazes Bothfio- 
cephalus-Eier. Ekg: 

0. B. 

Daumenspitzen- 
^ross, gerotet. In 
der 1. flussiges 
5ekret. In bei- 
den Kieferwin- 
celn ein panr 
rohnengrosse 
Driisen. 

■! 

1 
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21 (Forts.). 

Tonsillitis clironica-Falle. ^ 


Operationsbefunde iiber 

od^r^SSome^^tpunktderdie Tonsillen Fieber oecursus. ■ 

Z,.™i«lus Sp«-Nnc.,„utorsuchu.., 

sillitis Operation 


Zahlreicbe kario- Gelenkbeschwer- 14. 11. 1940 In dcr 1. Tonsille eine Kariose Zabne einige 


se Wurzeln. 


den. Myopathia 
cordis. Struma 
nodosa. 


erbsengrosse Abszess- Tage nach der Tonsil- 
hohle. Tonsillen im lektomie extrabiert. 30. 
[ubrigen normal. 13. 1940. Befinden 

durchaus gut. Ekg ahn- 
lich wie vor der Opera- 
tion. 



Polyarthritis 

subacuta. 


21. 11. 1940 Beidc Tonsillen an dcr Pat. hat nach der Ton- 
Umgebung adhiirent. sillektomie 3 Serien 
Bei der Spaltung sind Rontgenbehandlung auf 
keine makroskopischen die Knie bekorhmen. 
Veranderungen festzu- 12. 2. 1942. Gelenke 
stellen. symptomlos. Befinden 

gut. 


Mehrere kariose Polyarthritis 
Wurzeln, acuta. 


1 karioser Zahn. Mudigkeit. 


12. 12. 1940 L. Tonsille stark narbig Nach der Operation 
und lestgewachsen, r. wurden die kariosen 
trei. Nach der Opera- Zahne extrahiert und 
tion diffuse Nachblu- Rontgenbehandlung auf 
tung. die Knie und Fusswur- 

zeln gegeben. 20. 4. 1940. 
Allgemeinbefindcn gut. 
In den Gelenken keine 
Sj'mptome. Pat. ermii- 
detleichtbei der Arbeit. 


9. 1. 1941 R. Tonsille etwas adha- 26. 3. 1941. Nach der 
rent, 1. frei. Die Kryp- Operation bedeutender- 
ten schr tief, darin holt. Keine Beschwer- 
Pfropfe. den. 


4 kariose Wur- Nephritis acu- 7. 2. 1941 
zeln. An -f 8 ein ta. Helminthi- 
periapikales Gra- asis (Bothrioce- 
nuloni. phalus). Ostitis 

periapicalis. 


Dauinenspitzengross. Im Laufe eines Mon. 
Im Innern beider kleine nach der Tonsillekt. 
Eitcrherde. In den Ver- wurden die schadhaften 
anderungen des Harnes Zahne extrahiert, aus- 
keine Zunahme. scrdem eine erfolgreiche 

Wurmkur. 13. 3. 1942. 
Allgemeinzustand gut. 
Blutdr. 160/90. Harn: 
Eiw. “/oi,. Sedim.; ei- 
nige Erytliroz. und gra- 
nul. Zyiinder. 
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Tabelle 

Klinische Angaben tiber die 


Beruf 


A n a m n e s e 


Allgemeinzustand ■ Tonsilletistatus 


50 21 , 


Ladcnge- 

hillin 


I 57 31 


(J Schinicd 


(Nr. 31/41.) Mit 10 J. Ton- 5. 2. 1941. Allgemein- 
siilotomie. In den letzten zustand gut. Blutdr 
J. mehrere Anginen. Bin 130/85. Harn: Eiw’ 
Pcritonsillarabszess w 2 Sedim.; sparlicb 
J. und bci der letzten An- Erythroz, mid Zylinder. 
gina vor 2 Mon. Etwas Folin 24 nig%. Ekg: 
spater Anschwellung Im o. B. 

Gesicht, wobci cine Nephri- 
tis festgestellt wurde. 


|L. daumenspit- 
zengross, r. etwas 
kleiner. Ober- 
flache grubig. In 
beiden Sekret. In 
den Kieferwin- 
keln ein paar 
erbsengrosse 
Driisen. 


(Nr. 37/41.) Von Jugend 12. 2. 1941. O. B. Ekg; 
auf oft Anginen. Spurt bci o. B. 

Kiilte sofort einc Empfind- 
lichkcil im Schlund. Ein 
J. lang Ncigung zu Herz- 
klopfen. 


iDaumenspitzen- 
jgross. Besonders 
stark gerotet. 


58 26 $ Hausangc- (Nr. 61/41.) Vor 4 J. fieber- 14. 3. 1941. Allgemein- 

slellle Uafte Angina. Danach oft, zustand befriedigend. 

besonders im Winter, 

Schmerzen im Rachen, im 
vorigen Winter Uaufiger als 
frtthcr. Bci den Rachen- 
schmerzen nur sclten Fie- 
ber. Ncigung zu Schnupfen 
und Kopfschmerz. Wiihrend 
1 J. .oft wiederkehrende 
Sclimerzcn in verscliiedenen 
Gelcnkcn. Hat sicli beson- 
ders mildc gefiililt. 


59 22 $ Arbeitcrin (Nr. 66/41.) Angina zum 21. 3. 1941. 0. B. 

ersten Male mit 9 J., da- 
nacb regclmassig minde- 
stens cinmal jahrlich. Peri- 
tonsillarabszesse mehrere 
Male, zuietzt vor 2 J. Lelz- 
te Angina vor 1 Mon. Be- 
• ' ■ kommt leiclit Schnupfen 

und Huston. 

60 33 $ Waschfrau (Nr. 70/41.) Wahrend 7 J. 26. 3. 1941. O. B. 

Anginen regclmassig im 
Friilijahr und Herbst, zu- 
ietzt vor Vi J- Ausserdem 
oft ein paar Tage dauernde 
Empfindlichkeit im Ra- 
chen. In den letzten J. 
fortgesetzt Miidigkeit und 
oft Schwindel. 


Daumenspitzen- 
gross, gerotet, 
grubig. In bei- 
den Pfropfe. In 
den Kieferwin- 
keln ein paar in- 
jdolente erbsen- 
jgrosse Driisen. 


Pflauniengross, 
gerotet, grubig. '*=^’ 


Pflaumengross, 
gerotet, grubig. 
In beiden flils- 
siges Sekret. In 
den Kiefenvin- 
keln ein paar in 
dolente Drfisen. 
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21 (Forts.). 

Tonsillitis chronica-Falle. 


Zalinstatus 

Krankheiten 
Oder Syinptome 
ausser der Ton- 
sillitis 

Zeitpunkt der 
Tonsillekto- 
mie 

Operationsbefunde iiber 
die Tonsillen, Fieber 
Oder andere Rcaktionen 
unmittclbar nach der 
Operation 

Decursus. 

Spat-N achuntersuchung 

2 kariose Zahne. 

Nephritis acuta. 

7. 2. 1941 

In den Veranderungen 
dcs Harnes keine Zu- 
nahme. 

16. 4. 1942. Hat sich 
ausgezcichnet befunden. 
Ham; Ehv. ± (Opa- 
lesz.). Sedim.; 0. Blutdr. 
135/90. 

Einige Zahne 
fehten. 


14. 2. 1941 

Pflaumengross. Beim 
Spaltcn wird im Innern 
beidcr Tonsillen cine 
erbsengrosse, Eiter ent- 
haltende Hohle lestge- 
stcllt. 

Am Tage nach der Ton- 
sillcktomie Temp. 38.9°. 
In der Basis der 1. Lunge 
in einem zirkumskrip- 
ten Gebict verhartetes 
Rasseln. Bekam eine 
Sulfapyridinkur. Das 
Fieber und das Rasseln 
verschwand in 3 T. 

Oben cine Pro- 
tliese. Unten feh- 
len mchrere 
Ziihnc. 

Gclenkbeschwcr- 
den. MQdigkeit. 

18. 3. 1941 

In beiden Tonsillen 
einige erbsengrosse und 
klcincre Eiterherde. 

28. 4. 1941. 
Symptomlos. 

Beiderseits un- 
ten 2 kariose 
Zahne. 


22. 3. 1941 

R. Tonsillc sehr adha- 
rent, narbig. In beiden 
kleine Eiterherde, 

19. 5. 1941. 

Symptomlos. 

5 Zahne fehlen. 
3 kariose Zahne. 

MUdigkeit. 

27. 3. 1941 

Sehr gross, in beiden 
kleine Eiterherde. 

23. 5. 1941. Befinden 
nach der Tonsillektomie 
gut. Weder Miidigkeit 
noch Schwindcl. 
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Maschinen 

meisler 


62 13 ^ 


63 30 


Viehpflcge- 

rin 


(Nr. 72/41.) 2 J. lang von 27. 3. 1941. Allgemein- Klein, gcrotet, in 

Zeit zu Zcit Tcmperatur- zustand gut. Temp. beidenPfropfe 

erhohung, die ctwa je 1 AV. 37.3°. Rontgenbild des 

anbalt. Dabei oft Emp- Thorax: o. B. 

findlichkeit im Rachen, 

aber keinc ausgepragtcn 

Anginen. Wahrend dcr 2 — 3 

Ictztcn Mon. fast regel- 

massig abends Tcmpcratur- 

crhSUung (bis 37.4°). 



Daumc’nspitzen- 
gross, grubig, in 
beiden fliissige' 
Sekret. In den 
Kieferwinkeln 
daumenspitzeii- 
grosse, empfind- 
liche Drilsen. 


(Nr. 77/41.) Ein paar J. 2. 4. 1941. Yongrazilem 
iang im Rachen hin und Ban, blass. An den bei- 
wieder leichte Empfind- den Handsvurzelgelen- 
lichkcit. Fieberhafte An- ken Tastempfindlich- 
gincn frhher einigc Malekeit. Ekg; o. B. 
und zuletzt vor 2 W., \yo 
sie 4 T. daucrto. Unmittel- 
bar danach vom einen 
Gelenk zum andcren -wech- 
selnde Schmerzcn. Kein 
Ficber. _ 

(Nr. 81/41.) Vom 10.4.4. 1941. Allgemein- Gross, gerotet, 
Lebensjahr an Anginen, in zustand gut. An den grubig. Im I. 
den letzten Jahren etwa 2 beiden Ellbogcngelen- Kieferwinkel ei- 
mal ira Winter. 2 mal ein ken Tastempfindlich- ne bohnengrosse 
Peritonsillarabszcss, zu- keit, Driise. 

Iclzt vor 8 Mon. Letzte 
Angina vor 3 Mon. 3 — 4 J. 
leichte Gelenkschmerzcn 
nach den Anginen rcgel- 
massig starker. Andau- 

erndMudigkeit. ^ 

(Nr. 84/41.) sat dem 8. 8. 4. 1941. O. B. Ekg: Daumenspitzen- 
Lebensiahr Angina 1 — 2 o. B. gross, grubig, 

maljahrlich. Vor3 J. P-ri- fesh In beiden 

tonsillarabszess. Zuletzt Pfropie. 

vor 2 Mon. Angina. Da- ' 
nach fast unausgesetzt 
Empfindlichkeit im Ra- 
chen, 2 Mon. lang auch so 
made, dass Arbeit nnmog- 

lich war. 
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21 (Forts.). 

Tonsillitis clironica-Fallc. 


Zahnstatus 

Krankheiten 
Oder Symptome 
ausser der Ton- 
sillitis 

Zcitpunkl der 
Tonsillekto- 
m'ie 

Operationsbefunde fiber 
die Tonsillcn, Fiebet 
Oder andere Reaktionen 
unmittclbar nacli der 
Operation 

0. B. 

Tcmperaturer- 

hohung. 

28. 3. 1941 

Pflaumengross, lassen 
sich leicht ablosen. Ma- 
kroskopisch sind keine 
Eiterherde festzustellen. 
Temp, am Operations- 
tag 37.8°. 

Im Untcrkiefer 1 
karioscr Molar. 

Infectio rheuma- 
tica acuta. 

3.4.1941 

Bcidc Tonsillen sehr 
gross, in beiden Eitcr- 
herdc. Gleichzeitig 

wurdc cine Abraslo ton- 
sillae pharyngis ausgc- 
Itthrt. 

0. B. 

Polyarthritis le- 
vis. Mddigkcit. 

5.4. 1941 

Klein, nicht adharenl. 
Keinc makroskopischcn 
Eiterherde. Nach der 
Tonsiilcktomie an 2 T. I 
Tcmpcraturerhohung 
auf 37.5°. 

2 kariose Mola- 
rcn. 

Mudigkeit. 

9. 4. 1941 

Daumcnspitzengross, 
leicht adliarcnt. Kcinc i 
makroskopischcn Eiter- 1 
hcrdc. \ 

s 

\ 

1 


Decursus. 


Mftdigkcil vcr- 
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Tabelle 



Alter 

o 

o 

cn 

O 

s 

o 

o 

Beruf 

Ananrnese 

Allgemeinzustand 

n.iigauen uDer (lie 

Tonsillenstatus 

' 


rf 






65 


19 


Lagerarbei- 

ter 


(Nr. 90/41.) Vor j. 
wahrend 1 % Mon. 3 maJ 
eiiie fieberhafte Angina. 
Danach Rachen ab und zu 
empfindlich und sehr star- 
ke Mudigkeit. Gleichzeitig 
Neigung zu Herzklopfen. 


18. 4. 1941. Allgemein 
zustandgut. Beide Lap- 
pen der GI. thyreoidea 
taubeneigross, fest. Im 
Isthmus ein daumen 
spitzengrosser Knoten 
Ekg: 0. B. 


Daumenspitzen- 
gross, gerotet. 
In beiden Pfrop- 
fe. In den Kie- 
ferwinkeln einige^ 
indolente, boh- 
nengrosse Drti 
sen. 


66 


25 


Landwirts- 

tochter 


(Nr. 96/41.) 3 J. Struma, 
die sich allmaWich vergrds- 
sert bat. Wabrend des 
letzten Jabres 2 mal fieber- 
bafte Angina. Im Scblund 
oft Empfindlicbkeit. 


27. 4. 1941. Allgemein-| 
zustand gut. R. Lappen 
der Gl. tbyreoidea gan- 
seeigross, kleinknotig. 


Daumenspitzen- 
gross, besonders 
die r. grubig. 


67 


18 


Landwirts- 

tocbter 


(Nr. 101/41.) 5 J. lang 
Struma, die sich allmab- 
lich vergrossert hat. Be- 
sonders im Winter oft Emp- 
findlichkeit im Rachen. 
Pat. hat keine fieberhaften 
Anginen gehabt. 


26. 4. 1941. Allgemein-| 
zustand gut. In beiden 
Lappen der Gl. thyreoi-| 
dea huhnereigrosse, 
feste Adenome. 


Pflaumengross, 
sehr grubig. Aus 
beiden kommen 
Pfropfe. 


68 


22 


Arbeiter- 

frau 


(Nr. 106/41.) 4 J. lang 

Struma. Neigung zu Herz- 
klopfen. 3 mal fieberhafte 
Angina, zuletzt vor 1 J. 
Wahrend des letzten Jah- 
res andauernd Schmerzen 
im Schlund. Es sind iibel- 
riechende sGraupem in den 
Mund aufgestiegen. Fort- 
Avahrend miide, Pat. kann 
kaum ihre geAVohnlichen 
Hausarbeiten ausfiihren. 
Bekommt leicht Schnupfen. 


7. 5. 1941. Allgemein- 
zustand massig gut. 
Blass. Beide Lappen 
der Gl. thyreoidea hiih- 
nereigross, kleinknotig. 
Ekg: 0. B. 


Pflaumengross, 
grubig. In bei- 
den zahlreiche 
Pfropfe und fliis- 
siges Sekret. In 
den Kieferwin- 
keln ein paar 
bohnengrosse, in 
dolente Driisen. 


69 


19 


LandAvirts- 

tochter 


(Nr. 110/41.) HatvonKind 
auf jahrlich mehrere Angi- 
nen gehabt, zuletzt vor 4 
Mon. Bekommt im allge- 
meinen leicht Schnupfen 
und Husten. i 


12. 5. 1941. O. B. 


Ausserordentlich 
gross, grubig. In 
beiden Pfropfe. 
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21 (Forts.). 

Tonsillitis chronica-Fiille. 


Krankheiten Operationsbefunde tlfaer 

Oder SvSome2‘^‘^P““’^tdcr die Tonsillcn, Fieber nccursus 

Oder bympiome Tonsillcklo- odor andere Reaktioncn „ ... ® , 

nrie unmittelbar nach ^er SP^t-Nachuntersuchung 
ionsunus Operation 


Zalinstatus 


Tonsillitis 



Miidigkeit. 
Struma nodosa. 


19. 4. 1941 


iMchrcrc kariosc Struma nodosa. 
Ziihnc. 


Molircrc kariSsc Struma nodosa. 
Wurzcln, worin 
rSntgcnologisch 
koine Horde. 


28. 4. 1941 


3. 5. 1941 


Priaumengross, narbig. 26. 5. 1941. Bcfinden 
In bciden zahlrciche gut. Arbeitet •wieder. 
Pfropfe. Nach dor Ope- 
ration an 3 T. Tempe- 
raturerhohung bis 37.5°. 


Daumenspitzengross, 13. 3. 1942. Schreibt, 
etwas adharcnt. Keine dass sie sich wolil be- 
makroskopischen Eiter- linde. Kami nicht zur 
herdc. Nach der Opera- Spat-Nachuntersuchung 
tion an 2 T. Tempera- kommen. 
turerhohung. 


Bcide Tonsillcn gross. 
Makroskopisch o. B. 
Nach der Operation 3 
T. Temperaturerhbhung 
aul 37.5°. 


4 kariosc Zahne. Miidigkeit 

Struma nodosa. 



2 kariose Zahne. 


13. 5. 1941 


Pflaumcngross. Der 16. 3. 1942. Befinden 
obcrc happen dcr r. gut gewesen. Miidigkeit 
adharcnt. In beiden verschwunden. Jetzt 
klcine Eiterhcrde und cine Woche Schnupfen. 
fesle Stellen. Nach der Immer noch Neigung 
Operation an 2 T. Tern- zu Herzklopfen. 
peraturerhohung bis 



sehr 16. 3. 1942. Das Befin- 
den nach der Operation 
durchaus gut. 
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Tabelle 
Angaben uber die 


Beruf 


Anainnese 


Allgemeinzustand Tonsillenstatus 


Schoffors- 

witwe 


(Nr. 112/41.) Letzter Par- 15. 5. 1941. Mager und 
tus vor 12 J. Danach im blass. In beiden Lap- 
ganzen 5 Aborte, zuletzt pen der Gl. thyreoidea 
vor 2 J., wo im Zusamnien- ein paar mandel- bis 
hang mit dem Abort eine pfiaiimengrosse Ade- 
einige W. dauernde Adne- nome. Gynakol. Un- 
xitis, die spater als geheilt ters.: o. B. 

nachgewiesen wurde. An- 

ginen in jungeren J. dann und wann, wahrend der 
letzten 3 J. 2 — 3 mal. Angina vor 2 Mon. und 
zuletzt vor 2 W., wonach Rachen andauernd emp- 
findlich. Etwa 2 Mon. ausserordentlich miide und 
schwach. In den Handwurzeln und Ellbogenge- 
lenken fortgesetzt Schmerzen. 


(Nr. 113/41.) Seit dem 16. 16. 5. 1941. Allgemein- Daumenspitzen- 
J. Anginen mindestens ein- zustandgut. BeideLap- gross, gerotet, 
mal jahrlich. Vor 5 Mon. pen der GI. thyreoidea odematos. In 
ein Peritonsillarabszess. leicht vergrossert. In beiden flussiges 
Letzte Angina vor 1 i/j ihrem Innern kleine Sekret, 

Mon. Ein paar J.langnach Knoten, 
den Anginen regelmassig 
einige W. dauernde Ge- 
lenkschmerzen. Bei der 
Aufnahme in die Klinik 
keine Gelenkbeschwerden, 


Tonsillen tief in 
den Gaumenbo- 
gen, gerotet, gru- 
big. In der 1. 
Sind Pfropfe. Auf 
der Innenflache 
der Mandibula 
und in beiden 
Kieferwinkeln ei- 
nige bohnen- 
grosse, etwas 
schmerzhafte 
Driisen. 



(Nr. 117/41.) Vor 10 J. An- 21. 5. 1941. Allgemein- 
gina. Danach Herzbe- zustand gut. Klang der 
schwerden. War 6 W. belt- Herztone leicht herab- 
lagerig. Nach Angabe des gesetzt. Ekg; o. B. In 
Arztes handelte es sich den Fazes Bothrioce- 
um einc Karditis. Nach- phalus-Eier. 
traglich keine anderen Sym- 
ptome als zeitweise Nei- 
gung zu Herzklopfen. 

Wahrend der letzten 7 Mon. 

3 mal Angina, zuletzt vor 
5 W. Danach im Schlund 
fortgesetzt Schmerzen. 

Pat. war sehr mude. 


Fingerspitzen- 
gross, gerotet, 
grubig. In bei- 
den Pfropfe. Ira 
1. Kieferwinkel 
eine bohnen- 
grosse, leicht 
empfindliche 
Driise. 


(Nr. 118/41.) Hat wahrend 23. 5. 1941. Allgemein- 
5 J. mehrere Anginen im zustand gut. Lasegue 
J. gehabt. 1 J. lang Rachen rechts etwa 60°. Das 
ab und zu empfindlich Rontgenbild des Kreu- 
und oft wiederkehrende zes: o. B. 

Schmerzen in den Glie- 
dern. 1 Mon. Schmerzen 
besonders im Kreuz. Be- 
wegungen infolgedessen er- 

schwert. 


Daumenspitzen- 
gross, stark ge-, 
rotet, grubig. In 
beiden Sekret. 




, 21 (Forts.). 

I Tonsillitis chronica-Filllc. 


Zahnstalus 

Krankliciten 
Oder Symptome 
ausser dcr 
Tonsillitis 

Zeitpunkt der 
Tonsillekto- 
mie 

Operationsbefunde Uber 
die Tonsillen, Fieber 
Oder andcrc Reaktionen 
unmittclbar nach dcr 
Operation 

Oben cine Pro- 
these. Unten feh- 
Icn mehrerc 

Zahne. 2 kariosc 
Wurzcln. 

Struma nodosa. 
Gclcnkbcschwcr- 
dcn. 

■ 

16. 5. 1941 

Reichlich daumenspit- 
zengross, in beiden zahl- 
rcichc Idcinc Eiterherdc. 
Am folgenden Tage 
Temp. 37.6 ° danach 
afcbril. 

5 kariosc Ziihnc. 

Struma nodosa. 

17. 5. 1941 

Pflaumcngross. In bei- 
dcu zahlreichc Eilcr- 
hcrdc. 

Mclircre Zahne 
fchlen. 

Miidigkeit. Hel- 
minthiasis (Bolh- 
rioccphalus). 

23. 5. 1941 

Daumenspitzengross, 
voll Pfropfe. Am Tage 
nach der Operation 
Temp. 37.3°. 

Mehrcre Zahne 
fchlcn. 4 karitis. 

Syndroma 

ischiadicum. 

24. 5. 1941 

Makroskopisch keine 
Veranderungen, Nach 
der Operation an 4 T. 
Temperatur bis 37.6°. 
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Decursus. 

Spat-Nacliuntersuchung 


13. 3. 1942. Symptom- 
los. AllgemeinzustancI 
bedcutenci gebesscrt. 

2 T. lang Schnupfcn. 


Sofort nacU der Opera- 
tion begann die Temp, 
zu steigen, 2 T. spittcr 
Temp. 40° und in der 
Basis der 1. Lunge ein 
pneumonischer Herd. 
Pat. bekam eine Sulfa- 
pyridinkur, ^vobei das 
Fiebcrunddieklinischen 
Veranderungen in 3 T. 
verschwanden. 12. 6. 
1941. R-Durchleucli- 
Inng: o. B. 

3 T. nach der Tonsillek- 
tomie an 2 T. Temp. 38° 
und Scliuupfeninfek- 
lion. Belage aul den 
Wundflachen grosser 
als gewohnlich. 8 T. 
imch der Tonsillekto- 
mie erfolgreiche Wurm- 
kur. 19. 3. 1942. Bo- 
Finden nach der Opera- 
tion gut. Zugenommen. 
3 T. Schnupfcn. 


4. C. 1941. Bei dor Ent- 
lassung aus dem Kran- 
kenhaus symptorrflos. 
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Tabelle 

Klinischc Angaben liber die 


Bcruf 


A n a ni n c s c 


Allgcmeinzustand Tonsillenstatus 


Daumcnspitzen- 
gross, gerotet, 
grubig. In bei- 
deii flilssiges Se- 
krct. In den Kie- 
ferwinkcln ein 
paar indolente 
Drlisen. 


Walnussgross, 
gerotet. In bei- 
den Pfropfe. 


Vcrsichc- (Nr. 122/.11.) In frilhcren 27. 5. 1941. O. B. 
rungsbcam- Jahrcn miluntcr Angina, 
tin WaUrcnd dcr Ictztcn 8 

Mon. 3 mal Angina, zu- 
Iclzt vor liber 1 Mon., wo- 
nacli im Rachen fast un- 
ausgcsctzt Schmerzen nnd 
andauernd schr inlidc. 2 J. 
lang oft wicdcrkchrcndc 
Schinerzen in den Gelcn- 
kcn. Ini Zusainmcnhang 
init den ictztcn Angincn 
vcrschliinincrlcn sich die 
Gclcn k bescluverden. 


Bauersfrau (Nr. 130/41.) Von Kindhcit 4. G. 1941. O. B. 
an inclircrc fiebcrhaflc An- 
gincn im J., zulctzl Yor 
ctwa 1 Mon. Nach dcr 
Ictztcn Angina wcchsclndc 
Schmerzen in den Golcn- 
kcn. 


7G 21 ^ Landwirls- (Nr. 133/41.) In den Iclz- 10. G. 1941. Allgcmcin- Tonsillen klein, 

toebter ten Jahrcn besonders im zustand massig gut. gerotet. Aus der 

Winter oil Emplindrich- rechteii kommt 

keit im Schlundc und in llussiges Sekret. 

Verbindung dainil cine 
klcinc Tcmpcralurcrho- 
liung. Andauernd schr 

mlidc. 


14. G. 1941. Allgcmcin- Daumenspitzen- 
zustand gut. In beiden gross, kein Se- 
Knicn Krepitation bei kret. In den Kic- 
Bewegungen, sonst Ge- ferivinkeln ciii 
Icnkc 0. B. paar indolente 

Driisen. 
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21 (Forts.). 

Tonsillitis chronica-Falle. 


Zahnstatus 

Krankheitcn 
odor Symptoinc 
aiisser dor 
Tonsillitis 

Zeitpunkt dor 
Tonsiilckto- 
n\le 

Operationsbelundc tibev 
die Tonsillen, Fiebci 
odor andere Rcaktionen 
unmittclbar nach dor 
Operation 

1 

Decursus. 

Spat-Nachuntersucliung 

Abgestorbcne 
Zilbnc: 6 +, 5 +, 
1+, 8-, 5 — 
und — 7. Ront- 
gcnologiscb sind 
kcinc pcriapika- 
Icu Verandcrun- 
gcn festzustcllcn. 

Gclcnkbcscbwer- 
dcn. Mbdigkeit. 

28. 5. 1941 

Daumenspitzengross, in 
beiden zahlreicbe Pfrop- 
fc. Nacli dcr Operation 
Temp, an 2 T. 37.3°. 

18. 3. 1942. Befinden 
gut. 

Koine karioson 
Zahne. Einigc 
Flonibcn. 

Gelcnkbosclnvcr- 

den. 

5. G. 1941 

Walnussgross. Makro- 
skopiscU kcinc Eilcr- 
licrdc zu konstaticren. 
Am Tage nach der Ope- 
ration Temp. 37.4°. 

20. 3. 1942. Laut brief- 
lichcr Mitteilung filhll 
sich Pat. wohl. Kani 
nicht zur Spat-Nach- 
untersuchung kommen. 

Zahno gcpflcgt. 
In cinem Wur- 
zclfullung. 

MUdigkeit. 

11. G. 1941 

In dcr r. Tonsille cine 
korngrossc, Eitcr ent- 
haltcnde Hohlc. Die 1. 
ein wenig adharent. 

17. 3. 1942. Bclindcn 
gut. 

Mchrcrc Zahne 
fchlcn. 2 kariosc 
Zilbnc. 

Arthritis chro- 
nica genuum. 

16. G. 1941 

Tonsillen -walnussgross, 
die rcchte stark adhii- 
rcnt. In ihrem Innern 
Eitcrhcrdc. 

13. 3. 1942. Immer 
noch Schmerzen in der 
Knien, aber weniger aU 
friiher. In den iibrigei 
Gelenken keine Sym- 
ptome. Allgemeinbefin- 
den bedeutend besscr 
als vor der Tonsillekto- 
mic. 
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Das klinische Krankheitsbild. 

Bei der Sammlung der Tonsillitispatienten wurde eine gewisse 
Auswalil hinsiclitlich der Falle vorgenommen. Ich habe micb be- 
niiibt, solcbe Falle zu vermeiden, in denen ausser der Tonsillitis 
weitentwickelte sogenannte Sekundarkrankbeiten vorlagen, die 
Veranderungen im Sternalpunktat und im Blutbild bervorrufen 
konnten. Docb klagten die meisten Patienten ausser iiber direkt 
von den Tonsillen berstammende drtlicbe Symptome aucb iiber 
gewisse Bescbwerden oder es waren bei ibnen andere leicbte Krank- 
beilen zu konstatieren. Die Anzabl und Natur der Begleitkrank- 
beiten oder -symptome gebt aus dem folgenden Verzeicbnis 
bervor: 


I 


Obne subjektive Symptome 

Miidigkeit 

Bbeumatiscbe Bescbwerden 

• Nephritis 

Herzfcbler 

Astbma broncbiale 

Dauernde Temperaturerbobung 


II 


Struma adenomatosa non toxica 
Helminthiasis (Botbr. latus) . . 
Anaemia bypocbromica essen- 

tialis 

Kachexia hypopbysaria 


waren 
lag vor bei 
lagen vor » 
lag vor » 

» » » 

» » » 

» » » 

» >> » 

» » » 


6 Patienten 
16 » 

19 » 

2 » 

2 » 

1 » 

1 » 

8 » 

6 » 


» ■)> » 1 » 

» » » 1 t> 


In diesem Verzeicbnis feblen nocb die an den Zahnen festgestell- 
ten Krankbeiten, die spater besprecben werden. Die Kranlcbeiten 
Oder Symptome sjnd getrennt verzeicbnet je nacbdem, ob sie 
sekundar von einem Tonsillenherd ausgegangen sein konnen (I) 
Oder ob sie Nebenkrankbeiten sind, die keinen atiologiscberi 
Zusammenbang mit der Tonsillitis baben diirften (II). Den ton- 
sillogenen Ursprung der ersteren konnen wir auf Grund der 
Anamnese und der Nacbuntersucbung mit mehr oder weniger 
grosser Wahrscheinlichkeit annehmen, aber wir konnen ihn natiir- 
lich nicht mit voller Sicherheit nacbweisen. 

Mudigkeit, woriiber manche (%) meiner Patienten ausschliess- 
lich klagen, kommt selbstverstandlich als Symptom bei allerlei 
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Angina eingcslcllt liatle. Bci cinem Palienten (61) trat als Sekun- 
darkranklicit ein anclaucrndcr Temperaturanstieg auf. Bei diesem 
waren die anamncslischen Tonsillitiss>anptome leicht, und auch 
l3ci der Operation warcn keinc niakroskopischen entziindlichen 
^''eranderungcn zu konstalieren, weshalb es unklar bleibt, ob die 
Tonsillitis die fortgcsetzte Sul)febrilitat vcranlasst hatte. 

I in g a n z c n g e n o nt m c n, b i 1 d e t m e i n M a t e r i a 1 
cinefortlaufcndc ReihcvonFallcn.bei denen 
s u b j e k t i V und o b j e k t i v a u s s c r der Tonsilli- 
tis keine anderen Krankhciten auftreten, 
bis zu Paticnten mit subjektivcn Bescliwer- 
dcn und zulctzt bis zu Fallen, bei denen auch 
objcktiv fcststcllbarc Icichtc Sekundar- 
krankhciten v o r 1 i c g c n. 


Die Tonsillcnbcfundc. 

Die chronischc Tonsillitis ist ein Begriff, der sowohl klinisch als 
patliologisch-anatomisch sclnvcr gcnau abzugrenzen ist. DieGrenze 
zwischen der gesundcn und dcr chronisch cntzundetcn Tonsille ist 
.nicht klar. Darum ist es in diesem Zusammenhang angebracht, 
.die Tonsillenbefundc bci mcincn Paticnten gcnauer zu betrachten 
und nachzuschen, in^vic^Ycit die Tonsillitisdiagnose auf Grund der- 
;selbcn als sic)icr betrachtct wcrdcn dark 

Die Diagnose Tonsillitis chronica konnen wir auf Grund der 
AnamnesCj, dcr kliuischen, dcr histologischen und der zytologischen 
Untersucbung des aus den Tonsillen erhaltencn Sekretes stellen. 
■5chon aus dcr Anamnesc lasscn sich wichtigc Schlussfolgerungen 
auf den Zustand dcr Tonsillen ziebcn. »Der sicherste Beweis fur 
einc chronischc Tonsillitis ist immer noch das Vorkommen rezidi- 
viercnder Angincn» (Hajek). IMit Hilfc histologischcr Untersuchun- 
gen konntc nacbgcNviesen wcrdcn, dass in den Tonsillen von Per- 
^onen, die rezidi\dcrendc Anginen gehabt haben, in den Intervallen 
zwiscbcn dicscn auf cine andaucrnde chronischc Entzundung 
hinweisende Ycrandcrungcn bcstehcn. Die Falle, in deren Anamnese 
Anginen vorliegen, bistologiscb aber koine entziindlichen Verande- 
rungen in den Tonsjllen festzustcllen sind, bilden Ausnahmen 
(Holsti). Von besonderer Bedcutung sind in der Atiologie der 
,chronischen Tonsillitis fruhere peritonsillare Abszesse, da nach 
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sind u. a. Kahler imd Renn gelangt, nach denen das Sekret bei 
Patienten mit chronischer Tonsillitis leukozytenhaltig ist, aberkeine 
Leukozyten enthalt, wenn keine Entzundung besteht. 

Wie die allgemeine Erfahrung lehrt, gibt es zablreiche Falle, in 
denen in den Tonsillen schwere entziindbche Veranderungen vor- 
liegen, obgleich bei der Inspektion und der zytologischen Unter- 
suchung des Sekretes keine pathoJogischen Symptome nachge- 
wiesen werden konnten. Das durfte auf den sich in den Kiypten 
bildenden Blindsacken berulien, in denen der Entziindungsprozess 
okkult bleibt. Erst durch eine Idstologische Untersuchung erhal- 
ten wir ein genaues Bild von dem tatsachJichen Zustand der Ton- 
sillen. 

In meinen Fallen wurde die Diagnose chronische Tonsillitis 
auf Grand der Anamnese und der Inspektion der Tonsillen 
gestellt. Eine histologische Priifung und eine zytologische Unter- 
suchung des Tonsillenselo-etes wurden nicht ausgefiihrt. Die bei 
der Operation vorgenommene makroskopische Besichtigung der 
Tonsillen stellt in manchen meiner Falle die Diagnose Tonsillitis 
sicker, Bei der Operation selbst treten Verwachsungen der Mandeln 
mit der Umgebung liervor. Ferner gewinnt man eine bessere Auf- 
fassung von der Konsistenz der Tonsillen. Ihre Spaltung und Zer- 
stiickelung enthiillt intratonsUlare Al^szesse und Narbenbildungen, 
die durch blosse Inspektion nicht zur Beobachtung kommen. In- 
dessen ist es klar, dass die Entziindung nicht immer bei der makro- 
skopischen Untersuchung zum Vorschein kommt, obwohl sie vor- 
handen ist. 


Die Tonsillenbefnnde meiner Patienten ergeben sich aus der 
folgenden Zusammenstellung; 

In der Anamnese fanden sich rezidivierende 

. • . . in 35 Fallen 

A n g 1 n e n 

Unter diesen war der Operationsbefund positiv in22 » 

unsicher 

negativ oder fehite . in 9 » 

In der Anamnese fand sich nureinmal Angina 

Oder leichte Schlingb eschwerden . . inlO » 
Unter diesen war der Operationsbefund positiv ...... in 6 » 

negativ oder fehite 
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Wie aus diesem Verzeiclmis hervorgelit, griindete sich die Dia- 
gnose clironisclie Tonsillitis entweder auf eine deutlich positive 
Anamnese Oder einen positiven Operationsbefurid oder auf beide 
bei alien Patienten ausser vier (33, 41, 61 und 67). Bei den 
letzteren traten anamnestisch nur leichte Symptome auf, und der 
makroskopische Operationsbefund war negativ. In diesen Fallen 
griindete sich die Diagnose Tonsillitis hauptsachlich auf die bei 
der Inspektion gemacliten Beobachtungen. 

Die Zahne. 

Die Angaben iiber den Zalinstatus in Tabelle 21 gewahren eine 
summarische Auffassung vom Zustand der Zahne bei den Patien- 
ten. In 4 Fallen (39, 48, 51 und 53) bestanden schwere kariose Ver- 
anderungen, und in 2 Fallen (49 und 55) wurde rontgenologisch 
eine Ostitis periapicalis festgestellt. Bei diesen Patienten schien 
eine Zahnsanierung notwendig. Von der moglichen Einwirkung 
der Zahninfektion und -extraktion auf meine Ergebnisse werde 
• ich spater sprechen. In den iibrigen Fallen wurden bei 3 Patienten 
Zahn-Rontgenuntersuchungen ausgefiihrt, die keine periapikalen 
Veranderungen erkennen liessen. Ausserdem trat noch bei 18 Pati- 
enten Karies auf, jedoch in massigem Grade. Auch diese Patienten 
konnten Infektionsherde ah ihren Zahnen haben, aber diese Mog- 
lichkeit ist nicht gross. 

Die Spat-Nachuntersuchungen. 

Es war meine Absicht, bei jedein Patienten friihestens einen 
Monat nach der Tonsillektomie eine Spat-Nachuntersuchungauszu- 
fiihren.Waren diePatientenmeiner Aufforderung,sich zur Spat-Nach- 
untersuchung einzustellen, nicht nachgekommen, so schickteich noch 
einen Brief, in dem ich an die Sache erinnerte. JedochkamennurSO 
Patienten, also “/g meines Materials, zu der Spat-Nachuntersuchung. 
Ausserdem teilten 3 Patienten brieflich mit, dass sie sich wohl 
befanden. Dass sich % der Patienten nicht zu der Spat-Nachunter- 
suchung einfand, erklart sich grossenteils aus den ungiinstigen Ver- 
haltnissen zwischen den zwei Kriegen, unter denen ich meine 
Arbeit ausfiihren musste. 

Da es dem Leser schwer werden wird, aus der die klinischen 
Daten meiner Patienten enthaltenden Tabelle 21 getrennt die 


Tabellc 22. 

Dk*. 7.ur Spfit'Nachuulcrsuclutnj' fjckommcncn Paticnteii. 


x 

p 

5 5 

2 . B 

y 

HejiU'il- uml 
aiKlere Krauk- 
heitou Oder 
symptoineiu'ben 
der '['oiisilliUs 

Zfihne 

Zcllpunkl dcr 
Spal-Nachunlcr- 
Michung 

BeglcUkrankheiten 
Oder -symptome bci 
dcr Spat-Nnacliuater- 
suchung 

:4r» 


IVhll 

Mlblij^keU 

0. It. 

a i/j Mon. nach dcr 
Tonslllckt. 

Symptomlos 



4- 

AsUiina brou- 
rldalc 

0 . li. 

IS >/; .Mon. irach dcr 
Tonslllckt. 



t* ”?* 

*?“ 

Tolyarlhr. ae. 

Uelchl. Karlcs 
(Zahne nach d. 
TonsUlekl. 
cxlrnhlerl) 

1 1/2 Mon. nach dcr 
Tonslllckt. 


to 


-■ 

Madif<koU 

0 . B. 

1 Mon. nach dcr 

Tonslllckt. 


n 

:L- 

I'ehU 

('lelenkbeveliw. 
Anaemia hy- 
jmehr. 

2 karidse Zfdme 

3 Mon. nach dcr 
Tonslllckt. 

1* 

la 

"■ r 

. 

-t- 

MrtdisIkeU 

0 . n. 

1 1 /; Mon. nach dcr 
’ Tonslllckt. 

1* 

1 1 



C'telenkbesebw. 

Mlidlukoit 

2 karidse Zrd)uc 

7 '/- Mon. nach dcr 
Tonslllckt. 

f* 

"r> 

IS 




MrtdifikeU 

liif. rhevim. ac. 
Struma nodosa. 
nelmUithiasls 

0. B. 

Helchl. Karies 
(Zfdme nach d. 

'Vonsillekt . 
nvimhlort^ 

0 Mon. nach dcr 
Tonslllckt. 

2 Moir. nach dcr 
Tonslllckt. 

Ucsser 

'>(t 

— 


Mlldickell. 
Kaclicsia by- 

1 karidscr Zahn 

3 Mon. nach dcr 

Tonslllckt. 

Symptomlos ausscr 
Amcnorrhoe. Fort 
wahrend schr mager 

51 

52 


-r 

popbysaria 

Cieleiikbeschw. 
Myoimthia eor- 
dis. Struma 
nodosa. 

Tolyartbr. 

Uelchl. Karlcs 
(Z-ahne nacli d. 

'UmsUlekt. 

cxtrahlcrt) 

O. B. 

1 1/2 Mon. nach dcr 
Tonslllckt. 

12 Mon. nach de 

Tonslllckt. 

Symptomlos 

r 

55 


-r 

sul'ue. 

Inf. rheum, ae. 

Uelchl. Karlcs 
(Zahne nach d. 
Tonslllckt. 
cxtrahlcrtj 

3 1 /, Mon. nach dc 

Tonslllckt. 

r ■ 









1 -I, 

a- 


i„ cU>rAnamncsc kclnc dcuUicIicn Anj-incn 

„ „ cine Oder mclircrc IscrUonsillarabszcssc 
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Tabcllc 22 (Forts.). 

Die zur Sj)!il-Nacliiintersucliung gekonunciien Paliciilen. 


n 

Tonsillea- 
anainnese * 

Operalious- 

befund 

Bcglcil- und 
andcrc Kraiik- 
lieilcn Oder 
-symptomc neben 
dcr Tonsillitis 

Zfdine 

Zeilpunkt der 
Spiit-Nachunlcr- 
suchung 

Bcgleitkr.ankbeiten 
Oder -symptomc bei, 
dcr Spat-Nacliunlcr- 
suebung 

51 

+ 


Mftdigkeil 

1 kariiiscr Zahn 

2 

Mon. nacli dcr 
'I’onsillckl. 

Symptomlos 

55 

+ 

+ 

N’cpliritis ae. 
Hclniiulhiasis 

Ostitis periapi- 
cal. (Zahne nacb 
d. Tonsillckt. 
extrablerl) 

13 

Mon. nacii dcr 
Tonsillckt. 

Besser 

50 

-f 

Fcliil 

Ncpliritis ac. 

2 kariiise Ziiluic 

2 

Mon. nach dcr 
Tonsillckt. 

l> 

58 

4- 

“ 4 . ■ 

Mbdigkcit. 

Gctcukbeselw. 

0. n. 

1 

V) Mon. nacb der 
TonsiUekl. 

Symptomlos 

50 

+ + 

+ 


•1 kariosc Zrdine 

1 

3, Mon. nacb der 
Tonsillckt. 

*» 

00 

+ 

■r 

Mfldigkcit 

3 kariiise Zaluie 

2 

.Mon. nacb der 
Tonsillckt. 

A 

02 

-i. 

+ 



Inf. rlieuni. ac. 

1 knrioser Z:ihn 

2 

Mon. nacb dcr 
Tonsillckt. 

A 

03 

+ + 

— 

I’olyarllir. clir. 
Mndigkeit 

0. n. 

11 

.Mon. nacb der 
Tonsillckt. 

A 

01 

“h + 


MlUIigkcil 

2 U ariose Zahne 

2 

i/i .Mon, nach dcr 
Tonsillckt. 

Symplomlos 
Convalcsccntiu post 
pnrotitidem 

05 

-f 

+ 

MtUiigkcit 
Struma nodosa 

o. u. 

1 

>4 .Mon. nach der 
Tonsillckt. 

Symplomlos 

08 

-f 


^Hidigkcil 
Struma nodosa 

•1 karibse Zabnc 

10 

>/, Mon. nach dcr 
Tonsillckt. 

A 

'09 

+ 

d: 


2 kariiise Zaline 

10 

,Mon. nach dcr 
Tonsillckt. 

Symplomlos ausscr 
cincr zufall. akut. Inf. 

70 


+ 

Geienkbescluv. 
Struma nodosa 


10 

Mon. nacli dcr 
Tonsillckt. 

Symptomlos ausscr 
cincr zufall. akut. Inf. 

72 


± 

MOdigkeil 

Hclmintlnasis 

0. B. 

10 

Mon. nach dcr 
Tonsillckt. 

Symptomlos ausscr 
cincr ziifrdl. akut. Inf. 

71 

+ 

■ 4" 

Gclcnklicscinv. 

Mildigkeit 

WurzclfOllungcn 
Riinlgen: 0. B. 

9 

>4 Mon. nach dcr 
3'onsillckt. 

Symptomlos 

70 

4 - 

+ 

Mftdigkcit 

1 Wurzclflilliing 

9 

Mon. nach der 
Tonsillckt. 


77 

+ 

+ 

Ar(hr. clir. 
fjcmuim 

2 kariosc Zabnc 



Besser 


1 ± = in (Icr Anainiicse kcinc cicullichcn .Angincn 
+ = » » cine Oder inehrcrc » 

+ + =’><* » »» 0 » und Peritonsillarabszcsse 
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TabcIIc 23. 


Scktituirirkrankhcllcn 
oiler -Kvinploine vor 
der 'ronslllckloiiiic 

Zahl 

der 

Ffillc 

SckundfirkrankUclten 
odcr-symptomc bei dor 
Spat-Nachnntcrsuchung 

Bemerkungen 


Besser 

Wic 

vorher 

Ohne Sekuncirirkraiil:- 
liciten 


2 

— 

— 

Bei der Spal-Nach- 
untersuchung 1 mil 
akulcr Infektion 

Madinkcil 

12 

12 

— 

— 

Bei dcr Spfil-Nach- 
untersuchung 2 mit 
akulcr Infektion. 

Hlieuinalisi'lu' .Scluncr- 
7.011 ohne obj. naoluM'i: - 
hare Vcrandertinf'cn 

(•> 

G 

— 

— 

Bei der Spiit-Nach- 
untersuchung 1 mil 
akulcr Infektion. 

l*olyartliri(ls 

7 

5 

2 

— 


Nephritis 

2 

— 

2 

.... 


.\sthiiia hronehialo 

1 

1 





Angaben iibcr die der Spai-Naclmntersuchung unterworfenen FallC' 
licraijsxulcscn, sind sie ausserdem gesondert in Tabelle 22 kurz zu- 
.samniengeslclll, obgleicli sich dadiircii Wiederliolungen ergeben 
haben. 

Die kurzeslc Zeit zwischen dcr Tonsillektomie und der Spat- 
Nacbunlcrsuchung bclragt 1 ^ Monat und die langste 18% Monate. 
Durcliscbniltlicli wurde die Spal-Nacbuntersuchung 5.9 Monate 
nacb dcr Tonsilicktoniie vorgenommen. Tabelle 23 gibt ein Bild 
von den zu der Spat-Nacluiniersucliung ersebienenen Patienten, 
eingclcill in vcrsciiiedene Gruppen jc nach von den Sekundar- 
kranklicilcn und -symptomcn. 

Aus der Tabelle gelit bervor, dass, abgeseben von 4 Fallen, die 
Sekundarkrankbeiten oder -syinptome bei der Spat-Naebunter- 
suebung vcrscluvunden waren. Wabrscbeinlicb bat diese gvinstige 
Wirkung niit der Tonsillektomie und in 5 Fallen auch mit der 
gleicbzeitigcn Entfernung der Zabnherde in Zusammenhang ge- 
slanden. Bei der Spal-Nachuntcrsucbung zeiglen 3 Patienten eine ■ 
zufallige Rbinopharyngitisinfektion, und einer war unlangst von 
ciner epidemiseben Parotitis genesen. 
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b) Die Sternalpunktate. 

Die Sternalpunkiibnen, die teils vor, teils na'cb der Tonsillekto- 
mie ausgefubrt warden, zusamnien 146, sind in Tabelle 24 zu- 
sammengestellt. 


Vor der Tonsillektomic. 

Der Zellenreichtu in_ivar- in den vor der Tonsillektomie 
entnommenen Punklaten ahnlicbcr Art wie bei den Normalfallen. 
Der Erythroblaslen-Leukozytenindex war durcbscbnittlicb 1: 5. 
In den Korrelationen der Zellen waren mebrere ein- 
zelne vom Normalen abweichende Wcrte zu bemerken. Eine all- 
gemeine Auffassung gewinnen wir, wenn wir die Mitlelwcrte der vor 
der Tonsillektomic entnommenen Punktate mit den normalen 
Mittelwerten (Tabelle 25) vergleichen. Im folgenden betracbtc icli 
die Mittelwerte der verscbiedenen Zellarten Gruppe liir Gruppe. 
Die Mengen der basophilen und der cosinopbilen Zellen weicben 
nicbt nennenswert voneinander ab. Prototypen der Neutropbilen 
von den Myeloblasten an (jedocb mit Ausscbluss der Myelozyten) 
bis zu den Stabkernigen kommen beidenTonsillitispatientendurch- 
schnittlicb etwas mebr vor als bei den Normalfallen. Prototypen 
fanden sicb bei den Patienten zusammen durcbscbnittlicb 54 % 
und in den Normalfallen 51 %. Es handelt sicb also nicbt um 
einen grossen Unterscbied. Eine erheblicbere Differenz tritt dage- 
gen binsicbtlicb der segmentkernigen Neutropbilen auf. Bei den 
Normalfallen kamcn solchc im Mittei in 29 % vor und bei den 
Tonsillitispatienten in 19%. Abbildung 26 veranscbaulicbt gra- 
pbisch die Variationsgrenzen der Segmentkernigen. Daraus wird 
ersicbtlicb, dass von den Werten der Tonsillitispatienten nur % 
innerbalb der Variationsgrenzen der Normalfalle fallt, wabrend 
der Falle mit ibren Werten unterbalb der unteren Grenze der 
Normalfalle liegen. Niedrige Werte der Segment- 
kernigen sind also bei meinen Patienten 
g e w 6 b n 1 i c h. 

In der Gruppe der Lymphozyten bestebt gleicbfalls ein deut- 
licher Unterscbied zwiscben den Patienten und den Normalfallen. 
Die Patienten wiesen durcbscbnittlicb 21 % und die Normal- 
falle 14 % Lympbozyten auf. Wie bei den Neutropbilen beruht 
die Abweicbung von der Norm aucb in diesem Fall nicbt auf ein- 



Tabelle 24. 

Die Stcrnalpunktatc dcr Tonsillitis chronica-Fallc 
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Abb. 27. Lymphozylcnwcrtc vor dcr Tonslllcktomie. 


zelnen, ausnalimsweise hohen Werlcn,sondern bei den Pati- 
enten kamen allgemein melir Lympliozyten 
als in meinen Normalfallenvor. Das erhellt aus 
Abbildung 27, in dcr die Variationsgrenzen der Lympliozyten wie- 
dergegeben sind. Die Mittchverte der Monozyten sind praktiscli die 
gleieben. Aueh bezuglich der Plasma- und Retikulumzellen sowie 
der Megakaryozj'ten ist kein bemerkenswerter Untersclued zu 
konstatieren. 

Prototypen der Erytlirozyten waren bei den Patienten etwas 
mehr als in den Normalfallen zu linden. Die Diiferenz war fiir die 
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Makroblasten ausgeprSgter als fur die Normoblasten. Die Zahl 
er Mitosen w etwas herabgesetzt, die der Retikulozyten stand 
auf derselben Hohe wie in den Normalfallen. 

In Tabelle 28 sind die Sternalpunktate auf Grund des Vor- 
kommens und der Art der beidenPatienten angetroffenen Sekun- 
darsymptome in verscbiedene Gruppen eingeteilt. Wie man daraus 
ersieht, sind zwischen den zu den verscliiedenen Gruppen gehoren- 
den Punktaten keine betrachtlichen Unterschiede festzustellen. 
Prototj^en der Neutropbilen kamen am zahlreicbsten und Ljmi- 
phozyten am sparlichsten bei Patienten vor, die keine Sekundar- 
bescliwerden liatten. Fertige Leukozyten fanden sich andererseits 
am meisten in der Gruppe, in der Begleitkrankheiten auftraten. 


Icli liabe auch gepriift, ob die Punktate je nachdem, wie schwer 
die Tonsillenveranderungen bei den Patienten waren, Unterschiede 
aufweisen. Dabei stellte sicb lieraus, dass die in den Punktaten 
nachweisbaren Veranderungen nicht der Starke der in den Ton- 
sillen auftretenen entzundlichen Veranderungen parallel verlaufen. 
Audi in den fiinf Fallen, in denen ausser der Tonsillitis deutliche 
Zahninfektionen vorlagen, wichen die Sternalpunktate nicht von 
den anderen ab. Bei diesen Patienten fanden sich fertige Neutro- 
phile durchschnittlich 22 %, Lymphozyten 19 % und myeloische 
Prototypen zusammen 52 %. 

In seiner Untersuchung fiber den Einfluss der Bothriocephalus- 
infektion auf die Hamatopoese hat Tottermah bei einigen seiner 
Falle im Sternalpunktat eine leicbte Yermehrung der Lymphozy- 
ten und eine Linksverschiebung der’ Neutropbilen sowie hinsicht- 
lich der Erythrozj’-ten oft herabgesetzte Normoblastenwerte fest- 
gestellt. In meinem eigenen Material wurde bei 6 Patienten welter 
eine Bothriocephalusinfektion gefunden. Die Abweichungen der 
myeloischen Zellen von der Norm vertraten bei diesen Patienten 
dieselbe Stufe wie bei den anderen (Neutrophile nn Mittel -0 /« 
und Lymphozyten 22 %). Die Zahl der Erj^hroblasten war 

nicht erniedrigt (zusammen 82 je 400). 


In den ersten Tagen nach der Tonsillektomie. 

Wenn man untersuchen will, ob die Tonsillektomie Reaktionen 

Sternalmark hervorruft, ware es am besten, . 

1 taglicb zu punktieren. Obwohl die Punktion em 
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selten direkte Schmerzen verursacht, betrachten die meisten sie 
ocli als unangenehm und unterwerfen sicb nicbt gem wiederholt 
dieser Massnahme. Aus diesem Gninde babe icb es unterlassen, die 
Punktion alltaghch durchzufuhren. Ich babe versucbt, den Einfluss 
der Tonsillektomie so aufzuklaren, dass icb die Patienten verscbie- 
den iange Zeit nacb der Operation punktierte. So wrden im 
Laufe von 3 Wochen nacb der Tonsillektomie insgesamt 64 Ster- 
nalpunktionen gemacbt. Beim Vergleich der in den 
ersten Tagen ausgefiibrten verse hiedenen 
Punktionen babe ich gefunden, dass kein 
wesentlicher Unterscliied festzustellen war. 
Eine allgemeine Vorstellung von den Ergebnissen dieser Punk- 
tionen gibt Tabelle 29, in der die Punktionen in drei Gruppen 
zusammengefasst sind je nachdem, wie lange nacb der Operation 
die Punktionen ausgefiihrt v/urden. Zum Vergleich sind auch die 
Mittehverte fiir die vor der Operation entnommenen Punktate bei 
den zu den einzelnen Gruppen geborenden Patienten bereebnet. 
Wie aus der Tabelle bervorgeht, ist in den Zellen der myeloiscben 
Gruppe im Laufe dreier Woeben kein deutlicber Unterschied gegen- 
hber den vor der Operation gefundenen Werten zu bemerken. 
Dagegen sind die Mittehverte der Prototypen der Erythrozyten in 
den zwei ersten Gruppen kleiner als die entsprechenden Zahlen vor 
der Operation. Die geringere Zahl der Erytbroblasten kann eine 
ieicbte myeloische Hyperplasie widerspiegeln, die jedocb so unbe- 
deutend ist, dass sie bei der Beurteilung der Zellfrequenz in den 


? Praparaten nicbt mit Sicberbeit festzustellen \var. In der dritten 
Gruppe ist die erwabnte Versebiedenbeit nicbt naebzaweisen. 

Im Zusammenbang mit der Tonsillektomie erkrankten 2 Pati- 
enten an einer Bronebopneumonie (57 und 71), 1 bekam eine fieber- 
bafte Sebnupfeninfektion (72), und bei 1 trat eine deutliclie, vor- 
ubergebende Exazerbation der Gelenkbescbwerden auf (49). In 
Fall 71 war gleicbzeitig einebetrachtlicheVermehrung derPromyelo- 
zyten und bei dem Patienten 57 cine Zunahme der Stab- und Seg- 
mentkernigen zu konstatieren. Bei beiden zeigte sicb ausserdem 
auch eine Erhohung des Erythroblasten-Leukozytenindex. In den 
Fallen 49 und 72 war keine deutliche Reaktion zu finden. 

In 5 Fallen konnte ich feststellen, dass die Zabnextraktion 
keine unmittelbare Reaktion im Knoebenmark bewirkt hatte. 
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TabeUe 30. 

Variationsgrenzen und Mittehverte der Slernalpunktate bei der Spat-Nachuntersuchung. 



Bei der Spat-Nachiintersu- 

Bei der Spat-Nacbunter- 



cbung sjTnptomlos. 22 Falle 

suchung Symptome. 8 Falle 

Normal- 


Werte vor der 
Operation 

Werte bei der 
Nachunter- 
su cbung 

Werte vor der 
Operation 

Werte bei der 
Nachunter- 
sucbung 

werte 

Uas. Mycloz. & 


0—0.75 

0—0.75 

0--0.50 

0—0.50 

0—1.0 

Leukoz. 


0.28 

0.11 

0.19 

0.06 

0.3 

Eos. Mycloz. 


1.25—8.50 

0..''0— 7.0 

1.50—0.25 

0.75—3.75 

0.25—8.75 



2.72 

2.91 

2.81 

1.97 

3.08 

Eos. Leukoz. 


0—2.75 

0—5.50 

0.25—1.50 

0—1.75 

0—3.0 



0.95 

1.05 

0.91 

0.78 

1.0 

Myelobl. 


0.25—2.75 

0—3.75 

0.50—2.50 

0.50—2.0 

0.5— 3.0 



1.47 

0.12 

1.34 

1.03 

1.23 

Neutr. Promycloz. 


1.25—10.50 

1.75—8.0 

1.75—10.0 

3.0—11.50 

2.25—9.25 



6.03 

4.75 

5.28 

6.0 

4.75 

Neutr. Mycloz. 

% 

7.25—23.25 

6,75 — 19,75 

8.50—21.0 

9.50—22.25 

8.50—21.50 



14.39 

14.57 

14.16 

15.38 

14.76 

Neutr. Metamye- 


11.75—28.0 

10.25— 24.5C 

9.75—22.50 

8.75—34.75 

10.25—24.50 

loz. 


19.45 

17.53 

17.16 

19.19 

18.44 

Neutr. stabk. 


7.25—22.0 

9.25—18.50 

8.25—17.75 

10.25—10.0 

8.25—19.0 

Leukoz. 


14.11 

12.24 

12.91 

13.63 

12.65 

Neutr. scgm. 


8.25—29.50 

14.25—45.75 

10.50—37.50 

8.50—37.50 

21.75—42.75 

Leukoz. 


19.24 

24.18 

21.75 

20.31 

28.5 

Lymplioz. 


4.0—30.0 

11.0—27.25 

17.75—30.75 

7.50—26.50 

7.50—25.0 



19.94 

20.18 

21.72 

20.09 

14.06 

Monoz. 


0—2.75 

0—2.50 

0.25—3.0 

0.25—3.0 

0.25—3.0 



1.23 

1.32 

1.75 

1.63 

1.26 

Rctikulum- & 


1—25 


2—19 


3—16 

Plasmaz. 


8.5 


8.38 


8.0 

Mcgakar. 


0—1 

0—1 

0—1 

0-1 

0—1 



0.36 

0.23 

0.5 

0.25 

0.2 

Normobl. 

D 

34—143 

29—121 

34—88 

31—94 

23—111 


o 

o 

69.5 

61.91 

63.12 

64,88 

61.6 

Makrobl. 


1—33 

0—14 

1—13 

3—32 

0—10 


p 

C5 

7.9 

5.77 

5.5 

9.62 

3.8 

Proerythrobl. 

S 

0—12 

0—1 

0—1 

0-1 

{■Qjgil 


N 

0.59 

0.23 

0.25 

0.62 


Rote Mitoscu 


0—4 

0—2 

0—2 

0 — 4- 




1.09 

0.95 

1.12 

1.12 

1.55 

Weissc Mitoscu 


0—5 

0—3 

0—1 

0—2 

0—3 



0.95 

0.5 

0.38 

0.38 

0.5 

Rctikuloz. 

O/ 

0.2— 2.9 

0.2— 2.5 

0.5— 4.6 

0.8— 1.5 

0.3— 2.4 

1 


1.4 

1.0 

2.4 

1.1 

1.2 
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Bei der Spat-Nachuntersucliung, 


Wie oben envalint, wurde cine Spat-Nachuntersucbung bei 
30 Paticnten ausgefubrt. Bei 4 von diesen war damals nocli eine 
Sekundarkranklieit und ])ei 4 eine zufallige akute Infektion vor- 
lianden. Bei den iibrigcn 22 waren die subjektiven und okjektiven 
Sekundiirsymptome. versclnvunden. Nur die letztgenannten kon- 
ncn beriicksichtigt werden, wenn man die Einwirkung der Ton- 
sillektomic auf das SternaJmark pruft. (Hierzu sind auch die 
5 zur Naclmntcrsuchung gekommenen Falle gerechnet, die zu- 
gleich Zahnbehandlung erhalten batten.) Im Zellgehalt der Punk- 
late waren Iteine Abw^cicbungen von der Norm festzustellen. Ver- 
gleicbt man die Mittehverte mit den vor der Operation gefundenen 
^Ycrten und den Normahverten in Hinsicht auf die Korrelation 
der Zcllcn (Tabcllc 30), so ergibt sicb, dass die vor der Ope- 
ration auftretendc leicbte Linksverscbie- 
bung der Ncutropbilen bei der Nachunter- 
s u c b u n g V c r s c li W' u n d e n i s t. Die prozentualen Men- 
gen der Prototypcn der Ncutropbilen steben den Normahverten 
sebr nabc. Die Zabl der Segmentkernigen ist boher als vor 
der Tonsillcktomie, aber fortwabrend docb niedriger als in den 
Normalfallcn. Inbczugauf die Lymphozyten ist 
kcin Untcrscbied wabrzunebmen. Ibre prozen- 


tuale Mengc ist dieselbe wie vor der Operation und mitbin eine 
bohere als in den Normalfallen. Die Werte der Erythrozyten 
waren etwas niedriger als vor der Operation. 

Die Mengcn der Rctikulozylen und der roten Mitosen sind 
praktiscb bei beiden Untersuchungen die gleicben. Die Zahl der 
wcissen bbtosen w^ar bei der Nachuntersucbung etwas gennger 
als vor der Tonsillcktomie. 

Tabelle 30 enthalt aucb die klittelwerte der Sternaipunktate 
derjenigen 8 Patienten, die bei der Naclmntersucbung niclit sym 
ptomlos w'aren. Bei diesen Patienten ist immer 
nocli eine Linksverschiebung der eu ro 
p b i 1 e n z u b e m e r k e n, und zwar sogar deutbcber ausgepragt 
als vor der Tonsillcktomie. Die prozentuale Menge der Lymphozy- 
ten ist bei ihnen ebenfalls bocli. 
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del »Kernverscliiebungsindex.) (das Verhaltnis der Prototypenzu 
en Segmentkernigen) i/xi- Schilling gibt als Normahvert 
an und in mcinen Normalfallen betrug dieser i/,,. Bei den Fallen 
niii Linksverschiebung zeigten die Krankenberichte nicht ein 
liaufigeres Vorkommcn akuter Infektionen zur Zeit der Unter- 
sucliung Oder kufz vorher als bei den anderen Patienten. Inbezug 
auf die Eosinophilen imd Basophilen war nichts von der Norm 
Abweichendes festzustellen.. Der Mittelwert der Monozyten war 
elwas holier als in meinen Normalfallen. Mehr als 10 % Monozyten 
batten 6 Patienten. Die Werte der Lymphozyten wichen 
nicht von meinen Normahverten ab. Ihre prozentuale Menge 
stimmte durchschnittlich mit derjenigen in den Normalfallen 
iiberein, und die absoluten Werte fielen in den Bereich der nor- 
malen Variationsbreite. — Die Tlirombozyten und Retikulozyten 
liessen keine Abweichungen von der Norm erkennen, 

Tabclle 33 gibt weitere Aufschliisse iiber die Prage, ob in den 
Blulbildern Ycrschiedenheiten auftreten je nachdem, ob die Patien- 
ten Sekundarsymptome haben oder nicht. Wie in den Sternal- 
punktaten sind auch in den Blutbildern keine erheblichen Ab- 
weichungen der Mittelwerte der verschiedenen Gruppen zu kon- 
statieren. Bei 6 Fallen ohne Nebensymptome waren das durch- 
schniltliche Hamoglobinprozent sowie die Leukozytenzahl etwas 
holier als in den anderen Gruppen, Eine Linksverschiebung der 
Neutrophilen zeigtesich am deutlichsten bei Patienten, die objektiv 
nachweisbare Sekundarkrankheiten batten. Zu dieser Gruppe 
gehoren auch 4 von den 5 Fallen, bei denen ausser der Ton- 
sillitis cine Zahninfektion vorlag. Der absolute Lymphozyten- 
werfc war in alien drei Gruppen der gleiche. 

Die Senkungsreaktion der Patienten betrug durchschnittlich 

12 mm /St, entsprechend dem Wert 6 mm in den Normalfallen. 

, _ — . t . .1 fZ'rii'n'nP'Tt In Tflhfille 3.3 sieht 

Bel 

man, 

m 

pen, OTisclien denen nur ein unwesentliclier Untersch.ediestend. 
Bei senanerer Analyse der einzelnen Werte ergibt 
Belra'chtet man als obere Grenze des Normalwertes ei en 
nern 10 mm und bei den Frauen 12 mm (Seite 23 ), so fmdet man 
am zahlreichsten (in 50 %) erhohte Werte be. Patienten m.t 
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Tabelle 33. 

Varialionsgrcn/.cn und Mittclwerlc tier Blulbikicr vor dcr Tonsillcktomic. 
Die Palicnlcn in verschicdcnc Gruppeu gclcilt. 


Hb 

Oline Neben- 
symptoinc 

G Fiillc 

Subjcklive 
Nebensymptome 
25 Fiillc 

Objektiv konsla- 
tierlc Neben- 
kraiikliciten 

14 Fiillc 

Normahverte 

75/81—91/98 

81/87 

C3/G8— 98/lOC 
7G/82 

G5/70— 100/108 
77/83 

75/81—101/109 

80/93 

Erytliroz. 

4310—5250 

4723 

3735—5120 

4513 

3095—5000 

4503 

3908— 59G0 

4021 

Index 

0.89—0.99 

0.93 

0.08—1.14 

0.92 

0.78—1.00 

0.92 

0.84—1.00 

0.99 

Lcukoz. 

G330— 9800 

8502 

3850—8000 

0142 

4200—8000 

0520 

3800- 8900 

5975 

Nculropli. 

52.8— 79.G 

05.7 

42.4—71.0 

50.1 

49.4—04.4 

50.3 

47.0—72.0 

00.1 

Mctamycloz. 

0—0.4 

0.1 

0—0.2 

0.1 

0—0.4 

0.1 

0—0 

0 

Stabkernige 

1.2—11.2 

5.1 

1.0—10.6 

4.1 

2.8—11.0 

0.3 

0.4— 4.0 

2.0 

Scgipcnl- 

kernige 

47.G— G8.4 
C0.5 

30.2—65.0 

51.5 

39.0—00.0 

49.9 

45.0—08.0 , 

57.8 

BasopJi. 

0—1.4 

0.4 

0—2.0 

0.5 

0—1.2 

0.5 

0—1.0 

0.0 

Hosinopb. 

0.4— 4.2 

2.1 

unii^^iiiii 

0.2— 9.0 

3.4 

0.2— 3.0 

2.0 

Monoz. 

3.4— G.G 

5.3 

2.4—14.2 

7.2 

3.2—11.0 

7.2 

1.0—10.8 

4.9 

Lymphoz. 

15.G— 38.4 
26.G 

18.4—10.2 

34.1 

24.6 — 40.2 

32.5 

21.0 — 13.4 

32.2 

Tliromboz. 

163300— 28G800 
229350 

148000—380400 

227514 

130500—274400 

227422 

193300—347800 

267980 

Retikuloz. 

0.3— 0.4 

0.4 

0—2.6 

0.6 

0.2— 1.7 

0.8 

0.2— 1.0 

0.4 





_ — — — 


2— 1C 
9.0 


3—47 

10.1 


2—47 

17.G 


1—10 

5.9 











































































128 


"'” '>« SR “•''f 30 mm 
. ‘ (S®) ''»>>en der Tonsillitis an Nepliri- 

^is un( (dS, d 3 imcl 132) an einer rheumatisclien Iniektion litlen 
Hew von 2o Palicntcn, die aiisser der Tonsillitis verscliicdcnartige 
Mibjcl live Bcsclnvcrdcn, aber koine objektiv naclisveisbaren Krank- 
leUcn liatten, lag die SR oberhalb der angefiihrten Grenzwerte 
Unlcr den G sckundarsymptomlosen Fallen der 'ersten Gruppe 
M’urdc bci 2 ein Iciclit erhdbter Senkungswert angetroffen. 

Z wise hen der Senkungsreakt.ion und den 
Iv n 0 c h e n in a r k s V c r a n d e r u n g e n war keinParal- 
1 e 1 i s m u s n a c b z u w c i s e n. Das ergibt sicli u. a. deutlich 
bei den Palicntcn mil Bcgleiterkrankungen, bei denen das 


Knocbemnarksbild niclit von dem der anderen abwicb, aber die SR 
•crliohl war. Audi zwisclien der im Blntbild bervortretenden Links- 
verscliicbung und clcn crbolilen Senkungswerten herrsebte keine 
I'iiercinsliminung. Linksversebiebung land sich sowohl bei nor- 
malor als aucii bei erlidlilor SR. 


In den crslen Tagen nach der Tonsillektomie. 

Dcr Einfluss der Tonsiliektomie auf das Blutbild wurde ebenso 
wic der auf das Slernalpunkiat unteTsudit, indem die Blutbilder 
in verscbicdcncn Fallen vevsebieden lange Zeit nach der Opera- 
tion Ycrfolgl wurden. Die Ergehnisse linden sich in Tabelle 34, die 
die VarialionsgrcnzA'ii und die Jlitlclwerte aus insgesamt 76 Blut- 
bildern cnthiill. Eincn lag nach der Tonsillek to- 
rn ic zeigten die kliticlwerte eine Zunahnie 
dcr Gcsamlzahl der Leukozyten, der prozen- 
lualcn Menge dcr Ncutrophilen und der 
Li nksvcrschicbung sowie cine relative, aber 
n i c h I absolute L y m p h o p c n i e, also typische \ er- 
•indcrungen, wic man sic im Anfangsstadium von Infektionen fm- 
dct. Eine ahnliche Rcaktion ist ferncr 2Tage nach der Operation zu 
bemerken, dagegen niclit mehr in den spateren Blutbildern. wo 
ihre Millelwertc im grossen und ganzen von derselben Ar vie-v 
dcr Operation sind. Die Wcrle des roten Blutbildes smd nach der 
Tonsillektomie rcgelmassig niedriger als bei der ersten n ers 
ehung. Die Unterschiede sind jedoch gering. Die Zalmsamer n„ 
wurde in 5 Fallen zu einer Zeit ausgefiihrt, als die durch die Ion- 
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sillektomie verursaclite Leukozji-ose und die Reaklion auf die Links- 
verschiebung schon aus dem Blutbild versch-wunden waren. Bei 
der Extraktion der Ziibne w’aren keine neuen Veranderungen im 
Blutbild zu beobacliten. 

In den Senkungswertcn tritt die durch die 
Operation ausgeloste Reaktion deutlicb 
b er V 0 r. Sie sind 1 — 11 Tage nacb der Tonsillektomie holier als 
vor dem Eingriff. Bei den spatcren Untersucliungen ist keine 
Erbobung der SR mebr festzustellen. Die grossten Scbwankungen 
ivurden in den Werten, wie natiirlicli, in den Fallen 57 und 71 ange- 
trofien, bei denen sicb als postoperative Komplikation eine Pneu- 
monic entivickelte. 


Bei der Spat-Nacliuntersucbung. 

Die Variationsgrenzen und Mittchvorte der Blutbilder bei den 30 
zur Spat-Nachuntersucbung crscbicncncn Patienten sind in Tabelle 
35 aufgefubrt. Bei den 22 symptomlosen Patienten der ersten Gi uppe 
ivar das durcbscbnittlicbe Hamoglobinprozent forhvabrend niedrig, 
ja ein paar Prozent gcringer als vor der Tonsillektomie. In 15 Fallen 
war es nacb der ersten Untersuebung berabgesetzt und nur bei 7 
Patienten eRvas erbobt. Nacb der Tonsillektomie zeigte sicb also 
keine Tendenz zum Verschwinden der niedrigen Hamoglobinwerte. 
Bezuglicli 'dcs weissen Blutbildes war dage- 
gen ein Abklingen der vor der Tonsillekto- 
mie festgestelltcn Inlektions veranderungen 
zu beobacliten. Eine Linksversebiebung war niclit mebr zu 
linden. Kein Patient battc Metamyelozyten, und der Mittelwert 
der Stabkernigen betrug 3 %. Der Kernverscliiebungsindex war 
^/i6- Audi der friiliere ziemlicli holie Monozytenivert war bei der 
Nacbuntersucliung derselbe wie in den Normalfallen. 

Der Mittehvert der Senkungsreaktion, der vor der Tonsillekto- 
mie massig erbobt (13) war, ivar bei der Nacbuntersucliung nor- 
mal (7). Von den einzelnen Werten lagen 2 (Fall 62 SR 13 und 
Fall 44 SR 12) oberlialb der friilier erw'alinten normalen oberen 
Grenze. In Fall 62 wmrde die Nacbuntersucliung 6 Woeben nacb 
der Operation bei eineni Patienten ausgefiilirt, der an einer akuten 
rheumatisclien Infektion gelitten batte, weslialb es naturlicli ist, 
dass die Senkungsreaktion, die bei der ersten Untersuebung 47 be- 


9 
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JJryOiroz. 


V^riationsgrenzcn u nd Mittehvertc der BllS! 

^ 1 . nuch (Icr ronsillclctoniic 0 t* a m ~ 

29 Falle . 3-4 T. Mch der 

"S ' - "" "■ "LT- 

31i»5_5G00 3820-5850 3160-5t20 

— ffSO 4641 4460 4525 


O.GS—l.OS 

0.01 


0.60—1.08 

0.00 


0.80—1.02 

0.91 


0.79—1.0 

0.95 


0.78—0.99 

0.88 


Lcvikoz. 


3850 9800 5300 — 15900 4600—9600 5800 — 14000 5560—8600 

0049 SQOT rni^n 


Ncutropli. 


.Alctnmycloz. 


Slabkcniigo 


Segmenlkcr- 

iiiRc 



Eosinopli. 


Monoz. 


Lymplioz. 


Thromboz. 


RetikiiJoz. 


42.4—71.0 

56.4 


0—0.4 

0.1 


1.0—11.0 

4.7 


,36.2—05.6 

51.1 


0 — 1.2 

0.3 


0.2— 9.0 
3.0 


2.4—12.0 
6.7 . 


50.2—83.2 

67.7 


0 — 1.6 

0.2 


1 . 0 — 20.6 

5.4 


44.2—77.6 

62.4 


0 — 2.6 

0.4 


0— G.5 

1.6 


3.0— 10.2 
6.7 


11.0—44.0 

24.2 


49.2—66.6 

58.1 


0—0.4 

0.1 


1.8—10.0 

4.5 


39.6—62.4 

52.6 


0 — 2.0 

0.5 


0—4.2 

1.0 


3.4—14.2 

7.7 


23.2—40.2 

31.8 


46.0—88.0 

68.3 


0 — 0.6 

0.1 


1 . 0 — 12.2 

6.3 


36.2—75.0 

59.5 


0 — 2.0 
0.5 . 


0—3.4 

1.6 


3.0—13.4 

7.1 


14.4—42.8 

24.9 



0—0.4 

0.1 

4.2— 7.6 
5.2 


43.6—60.0 

51.3 


0 — 1.2 

0.6 



26.4—37.6 

31.7 


141100— 37. 
220109 


174300 158000—380400 153500— 22540C 


229909 


0.2— 0.8 

0.4 


3—24 

S.5 


187909 

0.3— 0.9 
0.5 
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34. 

in den crslcn Tngcn uach dcr Tonsillcklomic. 


Tonsillcklomic 

Fiillc 

5 — 1 1 T. nacli dor Tonsillekloniic 
20 Fiillc 

13 — 26 T. narh dcr Tonsillekto- 
niic 6 Fitlle 

Normalwerte 

Werle nacl\ dcr 
Operation 

\Ycrlc vor dcr 
Operation 

Wcrlc nach dcri 
Operation 

Werte vor dcr 
Operation 



60/65—79/85 

70/76 



63/08—82/89 

75/81 

65/70-80/86 

75/81 

75/81—101/109 

86/93 

3690 — 1700 

4344 

4040—5230 

4657 

1260—5100 

1598 

1130—5040 

4641 

4000 — 1965 

1373 

3908—5960 

4621 

0.79—0.98 

0.87 

0.68—1.02 

0.89 

0.08—1.03 

0.88 

0.68—1.14 

0.83 

0.70—1.05 

0.93 

0.84—1.06 

0.99 

5020—7200 

6505 

3850—9000 

6422 

3900—15900 

6195 

3850—8600 

6458 

4100—7900 

5708 

3800—8900 

5975 

53.4—03,4 

57.7 

45.0—60.6 

55.1 

39.0—83.0 

55.4 

48.0—63.8 

56.2 

15.2—71.6 

58.9 

47.0—72.0 

00.4 

0—0.2 

0 

0—0.2 

0.1 

0—1.6 

0 

0—0.2 

0 

0-0 

0 

0—0 

0 

1.0—10.2 

5.G 

1.0—11.0 

4.7 

1.5—20.6 

4.9 

3.4— 7.4 

5.2 

0.5—17.4 

5.9 

0,4 — 4.6 

2.0 

47.4—60.0 

52.7 

38.4—03.0 

50.0 

31.0—01.5 

51.4 

42.0—50.2 

51.0 

43.0—68.0 

53.0 

45.0—68.0 

57.8 

0—1.4 

0.6 

0—2.0 

0.3 

0—1.0 

0.5 

0—1.2 

0.4 

0—1.2 

0.5 

0—1.6 

0.6 

2.2— 5.6 

3.3 

||||||Rgra||| 

0;2— 11,0 

3.5 

0.2— 5.8 

3.6 


0.2— 3.6 

2.0 

4.2— 9.0 

6.2 

2.0—12.0 

7.0 

3.5—10.6 

6.0 

4.4— 8.8 

7.0 

3.4— 7.0 

5.3 

1.0—10.8 

4.9 

28.2—35.6 

32.1 

23.8—45.4 

34.5 

11.0—44.8 

33.0 

27.6—43.0 

32.7 

22.0—50.8 

31.1 

21.0—43.4 

32.2 

174800—242000 

198200 


100000—330000 

233599 

148000—274400 

218467 

209000—296000 

244267 

193300—347800 

267980 

0.3— 1.0 

1.0 

0—1.5 

0.5 

0.2— 1.7 

0.5 

0.2— 1.5 

0.6 

0.2— 1.4 

0.7 

0.2— 1.0 

0.4 








2 — 17 
12 


-1—65 

22.3 


3—11 


4—12 

8 


1—10 

5.9 
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Tabelle 35. 

und M't.eWe der BlulblMe. he, .er Sp.t.N.ch.n.e,s„chu„. 

rBcHerSpa.«-ch„„g|B.i.»Sp^^.c»P^ 


, Symptomc 

symptomlos ^ 

22 Falle 1 — ■ 

: j Wcrle bei der 

Werte bei der ^ycrte vor der j^Tadiuntcr- 
Werte vor der Nachunter- Operation suchung 

Operation suchung 


Normalwcrlc 


63/68-91(98. 62/67-90/97 65/70 


pO-85/92 61/89-84/91 75/8.-1011109 


Erythroz. 


3735—5120 ■ 
4679 


"3860-4830 3695-4900 

4308 


3670—5300 39G8— 59G0 

4G21 


Eeukoz. 


Neutroph. 


0.83—1.07 

0.93 


0.78—1.10 

0.93 


0.81—1-17 

0.91 


0.81— 1-OG 
0.99 


Stabkernigc 

Scgmeut- 
1 kernige 


Eosinoph. 


Monoz. 


Lymphoz. 


3850—9600 

6575 


0 - 0.2 

0.1 

0.8—14.2 
. 5.3 


3800—7800 

5492 

39.0—74.5 

57.6 


0.5-6.8 
3.3 

34.0—74.0 
■ 54.3 


0 — 2.0 - 
0.5 

'.”o.2— 9-0 

2.7 

2.4 — 14.2 
72 

15.6—40.2 

32.1 


2.8— 6.2 

4.9 

42.4 — 64.2 
54. 7_ 

0 — 1-2 

0.4 


1.2— 4.6 

2.6 


EKiex ■ 0.68-1.14 ^ ^3 _0-94____l 2- 

0.93' 4750—9100 3800-8900 1 

-3850-9Tor- ^'3800-7800 4900-8600 4.o0^^94 

r-i":.7S:9T"' 39.0-74.5 j 1 ( ..".—I 

Neutroph. 1 ^ 1 57.6 1 0— 0 1 

0/.5 _ , 0—0 1 

r 0-0 0-0.4 ' 0 

Mctamycloz. ' 0-0-2 | ^ I 

["'Z Rs 2.8— 6.2 I I 2.6 I 

Stabkernigc 3.3 ±1- [--'"7^^] 45.0-68.6 

.kernige 1 — - 0-1-2 | 0.6 J 

'Basoph. ' 0.3 1 4'"o'^:r2'r'’l 0.2-3.C 

i^-----i"0-6ll2 '0.8 1 _Jl°— 

‘2.7 __ r ; 2-n 2 ' 1 2.0-13-0 4- ^ ^ 

— ["24-44T '7.2 J ^^—7 

76—40.2 47:5 4/.4 3^2 1 2-’ ■'ra"«00— 347800 

---,:;sToO-3l04V0 1341OO-33«O»»>““ .13““--— 

TWomboz. 148000^^^^ _.“3— ---3I75 0.2-«-i> "„,4 

Q 1—1.0 1^8 1 '1 "" 10 ” 

'Retikuloz. 1 1 ^0.9 

’ "sb" — 1 — 


0 . 6 — 8.2 

2.5 

1.8—10.6 • 

4.9_ 

17;5 — 47.4 

34.5 


3.2—14.2 

7.2 


41.6-74.0 
58.2 

0—4.8 
0.4 _ 

0.2— 2.4 

0.8 


0.2— 3.6 
2.0 

' 7 - 10.8 

4.9 
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Iniff, in so Inirzcr Zcil noch niclil fjanz normal gcwordcn war. Bci 
dcm Palicnicn l-l lionnle icii keinc Ursaclic zu dem Icicht crliohlcn 
Senkung.swerl. fc.slslcllcn. 

Die zweite Gruppe in Tabellc 35 hilden 8 Palienlen, bei denen 
zur Zcil der Nnclimilor.suchung die friiliercn Symplome forl- 
hcslandcn oder die eino ziiriillige aknlc Infcklion hnllcn. In den 
i^Iillclwcrlen der Bliilbilder dieser Patienicn falJl die bobe Zalil 
dcr Slabkeniigen ins Aiige. I'erner lag als auf eine Infeklion bin- 
weisendes Zeieben ein ehvas iibernormaler iniltlcrcr Senkungs- 
wcrl vor, der allcrdings niedriger war als vor tier Tonsillcklomic. 


d) Resprecluing der Ergobnisse. 

Ill den Slerualpunklalen <ler 'L'onsillilis ebronica-Palienlen war 
die ZellfrcqiK'iiz, nacb den Praparalcn zii urleilen. eine iihnlicbc wic 
in den Normalfallen. .\ncb der Erylbroblasten-Lcnkozylcnindcx 
stand anf normaler llobe. Seine Erbbbung kann oft das einzige 
Zeieben der dmob die Infeklion vernr.saeblen Knocbenniarksreak- 
tion sein 

Dagegen zeiglen dicPunklale qiialilalive Verandeningcn in den 
gcgensciligcn YerbiiUnissen derZellcn. Sii'warcn jedoeh niebl gross 
uiui Iralen ofl nur licrvor, wenn man allc Falle genuinsani als cine 
Grnppc bclracblcle. Die in den Piinklaten angelroffenen Verande- 
rungen Nvaren fibnlieber Arl, gleiebviel o]i die Palienlen ausserden 
durcb die cbroni.sebe Tonsillitis venirsacblen lokalen Besebwerden 
nocb andcrc subjeklive Symplome oder objekliv feslslellbarc 
Krankbcilcn ballen. Wie frfdier crwiilmt, war auch in dcr Sliirkc 
dcr Knoebenmarks- und 'ronsillcnvcninderungcn kein Parallelis- 
mus zu cnldccken. Mil dem Eeblen eines Parallclismus vcrbicll 
cs sicb also ungefabr wic in den Unlcrsncluingcn Monsri’s iiber die 
pathologiscbe Analomie der Tonsillen bei rbcumaliscben Inlcklio- 
ncn. Holsti lial dargolegl, dass aiicli die Slarkc der enlziindlicben 
Prozessc in der Tonsillc cine bedeiilcnde Unabbangigkcil von dcr 
InlcnsilaL dcr Gclenkalicklionen zcigl. — In 5 Fiillen sebeint 
die ausser dcr Tonsillitis nacbgewiescnc Zabninfcklion keinen 
Einfluss auf das Mark ausgciibt zu baben. 

• Vcrglcicbl man die im Zusammenbang mil dcr aknlen und dcr 
ebroniseben Tonsillitis gc\s'onnenon Ergebnissc miloinandcr, so 
findet man in ihnen gcmcinsameZuge. Erslcns zcigle sicb im Mark 
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dne Linksverschiebung der Neutrophilen, die bei der ehronischen 

akulen. Zwertens ausserte sich eine Neigun^ zu Lympliozy- 
tosc, *0 am ausgepragtesten in den Fallen mit Tonsillitif chronta 
.hervorlrat. Die Knochenmarksbefunde scbeinen demnac), die Auf- 
ftssung zu bestatigen, die beute hinsichtlich der rezidmercnden 
Tonsi] itis lierrsclit, dass namlich die Entziindung in den Tonsillen 
auch wahrend der Intervalle zwischen den akuten Stadien 
chronisch fortdauert. 


Wie bereits envaimt, babe ich in der friiheren Literatur keine 
Untersucluingen iiber das Sternalpunktat chronischer Tonsillitis 
angetroffen. Auch unter den nahe venvandten Kranklieits- 
zustanden linden sich nur wenig Vergleichspunkte. Pleischacher 
imd V. Lachnit haben das Marie bei 55 Fallen init Polyarthritis 
clironica untersucht. Der Zellgehalt der Knochenmarksstrich- 
praparate war im allgemeinen herabgesetzt. In den gegen- 
seitigen Beziehungen dev Leukozyten bestanden keine Abweicliun- 
gen von der Norm, Die Erythropoese war in keinem einzigen 
Fail gesteigert. Die Zahl der Plasma- und Retikulumzellen war 
erlidbt. Diese Befdnde deuten also teilweise auf eine herabge- 
setzte Markfiinktion bin. In dieserHinsichtstimmendieErgebnisse 
der beiden genannten Forseber einigermassen mit den meinigen 
iiberein, woranf ich spater zuriickkommen werde. Markoff hat 
die Aufmerksamkeit auf die ausserordentlich empfindliche Reak- 
tion des Knoebenmarkes gegeniiber jeder Infektion gelenkt. So 
trat in einem Fall vonklinisch symptomlosen tuberkuldsem Friih- 
infiltrat, in dem das Blutbild normal war, im Mark eineVer- 
mehrung der Myelozyten und Stabkernigen sowie ein ungeAvdhn- 
lich hoher Zellgehalt auf. Klima, Labendzinski und Rohr haben 
bei schweren chronischen Infektionen eine bedeutende Lmks- 
verschiebung der Neutrophilen gefunden, wie sie bei meinen eig'enen 

Fallen in leichtem Grade auftrat. 

Die Mittelwerte der Blutbilder aus alien raemen Fallen zeigten 
gewisse AbAveichungen von der Norm. Das durchschnittliche 
Hamoglobinprozent war etAvas niedrig. Eine Neigung zu lypo 
chromer Anamie bei Tonsillitis ehronica-Patienten haben fruher 

auch Adams soAvie Edstrom festgestellt. _ 

Die Gesamtzahl der Leukozyten stand auf derselben Hbhe AVie in 
den Noraialfallen, und die Werte der einzelnen Falle varen gee 
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inassig auf den normalen Variationsbereich verteilt. Icb konnte 
also weder eine Neigung zii Leukopenic (Daland, Adams) nocli zu 
Leukozytose (Edstrom) leslstcllcn. Die durcbschnittliche Menge 
dcr Stabkernigen lag an dev oberen Grcnze des Normalen, und 
ausserdem waren bei mebrcven Palientcn aucb Metamyelozyten 
anzntreffen. Wie aus Tabelle 33 bervorgeht, trat eine Links- 
verschiebung etwas deutlicher als im Durchschnitt in Fallen 
auf, in denen sich zu der Tonsillitis cine objektiv feststellbare 
Bcgleiterkrankung binzugescllt hatte. In gleichem Grade wie 
bei diescn fand sich eine Linksvcrschiebung aucb bei 5 Patien- 
tcn, die ausser an Tonsillitis an einer Zahninfektion litlen, 
von denen 4 jcdocb aucb eine objektiv nacbgewiesene Sekun- 
darkrankbeit batten. Meine eigencn Beobacbtungen bewegen 
sicb in derselbcn Ricbtung wic die FcstsLellungen von Gording 
und BjorN'Hansen sowie von Schwokowsici. Icb konnte 
beziielicb des Vorkomincns der akuten Infeklionen keinen Unter- 

O 

scbicd zwiscben den Patientcn mit einer Linksverscbiebung und 
den anderen bemerken. Meine Ergebnisse spreeben niebt zu- 
gunsten der Ansiebt Diamant’s, dass die Linksverscbiebung bei den 
Tonsillitispatientcn ein Zeicben einer zufalligen akuten Infektion 
ware und infolgedessen als Kontraindikation der Tonsillektomie 
dienen konnte. IMeines Eraebtens stellt die chronische Tonsil- 
lenentzundung allcin eine binreicbende Ursacbe fiir die Entstebung 
einer solcben Blutreaktion dar. Obwobl wir von einer sTonsillitis 
im latenlen Stadiunu) spreeben, wissen wir, dass aucb da in den 
Mandcln ausgedcbnte cntziindliche Yeranderungen bestehen kon- 
nen, die mdglicberweise sebr unbedeutende klinische Symptome 
ausldscn, wie aucb meine eigenen Falle zeigen (besonders die 
Falle 36, 44, 57 und 65). 

In bezug auf die Lympbozyten wiesen meine Ergebnisse nacb 
einer anderen Ricbtung als die der meisten friiberen Forscher. 
Ihre absoluten und relativen Mittelwerte waren in meinen Fal- 
len dieselben wie bei Normalpersonen. Bei den meisten Unter- 
suchungen, die im Zusammenhang mit einer Fokalinfektion aus- 
gefiibrt warden, kam man dagegen zu dem Resultat, dass die be- 
treffenden Patienten eine besondere Neigung zu Lymphozytose 
batten (Tabelle 36). Nur in wenigen Veroffentlicbungen ist ange- 
geben, dass eine solcbe niebt' vorlag (Schwokowsici, Haden). 
Diese Angaben gel ten jedoch nur den relativen Lympbozyten- 





Tabellc 36. 


Die Vcriliu]enint 5 en des Bhilbildes bcl cbronischcr Tonsillitis. 


Aufor 

Jalir i 

Ziilil (Icr 
iilcrsiichtcn 
I-rdlc 

VcraiKlcriingcn im IBlutbiid 

D.\i.\ni) 

1021 

N’ichl 

ersichllfch 

Oil Lymphozylosc, zu der sich Leukopenic' gesellte. 
Nach der Tonsillekloniic vcrschwinden die Veranderun- 
gcii iin aligcmcincn in 5 — 8 Woclieu. 

1 SniMiiiT 

102(’, 

Niehl 

crsichtlieh 

Leukozyto.se zu Zcilcn, wcim die Palienten Symptome - 
(Rachenschmcrzcn, Mftdigkcil, Nachtschsveiss) haben, 
ohwohl Fieher iind Bc.schleunigung des Pulses fehlen. 

Die Lctikozylosc isl cin cmpfindlicbcrer Indikator der 
Infcklion als Tcmpcraliir und Puls. 

llousso 

1028 

1032 

Niehl 

er.sichlllcli 

Niehl 

ersichUich 

Nciguitgzii Anainic, Leuko- und Lynipbozj lose. 

in 80 % der Ffdle Lymphozylosc, die in 4— 5 Tagen 
nncli der Tonsilleklomic im grbsslcn Toil der Falle 

' In 't 1 7 •>' clcr Falle Linksversebiebung der Neulro- 
pUil'cn'. die einlge Monaie nach der Tonsillektomie 
omisl vcrschvvundcn svar. Kcinc Lymphozylose^ _ 

SCKW- 

KOW.SKl 

1032 

•12 

"im Bhablld^m allgemeinen keiue ^ . 

niehl sog. seknndare Symplome beslehen. Smd sekum 
dare Symplome vorhanden, dann Linksverschiebung 
< cr NculrlpWlcn und oil Erhohung der SR. Ziy.sche 
inksversedebung und SR kein Parallehsmus. B.ei 

LinksAcr c g Bnlzirndungshcrden rheuma- 

pbronischen latcnlen stadium, zu 

Gom>iNr. 

untl 

BjOhn- 

H.SNSV.S 

1021— 

103S 

Nielli 

crsicUUicli 

DiAMANT 

1933 

100 

1. B'^-'Tom.n.lisuncdmo 

der sich Fokalinfektion raft keine 

Linksverschiebung. 2. chronischer 
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Tabelle 36 (Forts.). 

Die Verandcrungcn ties Blutbildcs bcl chroniseber Tonsillitis. 


Autor 

Jahr 

Zahl der 
uritcrsuchten 
Fallc 

Verandcrungcn ini Blutbild 

Edstrom 

1933 

Nielli 

crsiclitlich 

Leukozylosc, relative Lymphozylose und sekundare 
Anainic. 

Rosenfeld 

und 

Lebedeff 

1933 

100 

1. Sowohl bei einfaclicr chronischer Tonsillitis als in 
Fallen, zu dciien sich sekundare Krankheiten gesellt 
haben, ist das Blutbild moist normal. 2. Bei Exazerba- 
lion der Tonsillitis Linksverschiebung. 3. Das rote 
Blutbild iveichl nicht von der Norm ab. 

Thrmin’e 

1933 

Nicht 

ersichtlich 

Weisses Blutbild ini allgemeiiien normal. In einem 
Toil der Falle nacli der Toiisillektomie Lympliozytose, 
die ini Laut eincr Woclic nicht verscluvunden war. 

■\Vester- ' 

GREN 

1933 

Nicht 

ersichtlich 

In Fiillcn von Fokalinfektion, in denen die Pationten 
iinbostimmlc rhcumatischc Beschwerden haben, sind 
das Blutbild und die SR normal Oder die Veranderun- 
gen schr uncrhcblich. Keinc Eosinophilic. 

Kolba 

1935 

100 

In 50 % Lympliozytose, in 33 % Neutrophilic, in 8 % 
normal. In Frillen, in denen Lympliozytose vorlag, 
waren ausscr der Tonsillitis oft sekundare Krankheiten 

zu konstatieren. 

Schilling 

1936 

Nicht 

ersichtlich 

Das Blutbild zeigt die monozylare Abwehrphase Oder 
die lymphozytarc Heilphase. Oft Eosinophilie. 

VlRKKL'NEN 

1943 

45 

Vor der Tonsiliektomie; Monge der Erytlirozyten 
normal. Hamoglobinwcrle etwas herabgesetzt. Leu- 
kozylenzalil normal. Neigung zu Linksverschiebung 
und zu Monozytosc. SR leicht erhoht. Linksverschie- 
bung und Erliohung der SR am dcutlichsten bei Pati- 
enten mit Begleitkranklieiten. Nach der Tonsiliekto- 
mie: 1 — 2 Tage Zunahme der Leukozytenzahl, der 
Ncutropliilen und der 'Linksverschiebung und relative 
Lympliopenic. Walirend 1 — 11 Tagen SR gegen vorher 
erhoht. Spat-Nachuntersuchung: Hamoglobinmenge auf 
der friihwevi Kbhc. Bei Symptomlosen yVerte der 
Stabkernigen, der Monozyten und der SR normal. Bei 
Nicht-Symptomlosen die frilheren Veranderungen 
noch vorhanden. 
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' crton, dcnn ,n <lcn in Tabelta36 erwalmten Untersnchungen si„d 
d,c absolutcn Wcrte „M,t beriicksicMigt. Frther habe idf darauf 
Inngewioscn, dass mane normalcn Lympliozytemverte verlialt- 
msmassig ]ioch sind. Sic vertreten dieselbe Hohe wie die anderer 
iimiJsclicr Forsclier, sind abcr etwas boher als die im Scbrifttum 
im allgemeincn als normal betrachteten Werte, wofiir allgemein 
die friiiier erwalmten Zablen Schilling’s gegolten liaben. Zielit 
man dies in Belracht, so diirften zwischen meinen Befunden uber 
die Lym])hozylcn und den Erg'cbnissen dcr fruheren Forscher keine 
bedenlenden UnLcrscbicde bestcben. Als normal selie ich namlich 
Wciic an, die die meisicn dieser Forscher aiigenscheinlich als 
von der Norm abweichend aufgefasst haben. 

Als Zciclien cincs infektiosen Blntbildes trat in meinen Fallen 
fcrncr nock cine Neigung zu Monozy lose auf. Schilling erwahnt das 
Vorkommcn eincr solchcn im Zusammcnhang mit Fokalinfektionen. 
MinsiciiUicli der Tlirombozylen und Relikulozyten war in den 
Blulbildern nichls Bcmcrkenswerlcs zu finden. 

Die Senkungsreaklion w'ar bei manchen Patienten erhdht. Das 
zeigle sich am deullichslen in Fallen, in denen sich der Tonsillitis 
Begleilkrankbciten angcschlosscn batten. Leicbt erhohte Sen- 
kungswcrlc warden abcr aucb bei mchreren solclien Patienten ange- 
Lroffcn, bei denen ausser dcr Tonsillitis keine anderen Krankbeiten 
fcstzustcllcn waren. Drci von dicsen batten in ihrer Anamnese einige 
Wocbcn vorhcr cine Angina (47, /O und 74). Es bleiben 6 Patien- 
len iibrig (43, 45, 54, 66, 68 und 69), bei denen der erhohte Wert 
nur durcJi die clironische Tonsillitis verursaebt sein konnte. Von 
den lelzlcren batten z. B. die Patienten 45 und 68 langandauernde 
forlgcsetzlc, Scblingbescbwcrdcn, und im Zusammenbang mit der 
Onorntion wurdcil bei ilincn Zdclicn ciiier inlensiven Entzundung 
in don Mandcln getunden. Dcrartigc Falle zeigen mcmer Memung 

nach. dass die clironische MandclenlzOndung an sich ohne Begleiter- 
krantongen cine Erhohnng der Senknngswerte vernrsachon kann. 

In dieser Hinsicht slehen mcinc ™ 

Schlussfolgeningen von Link. Er beobaclitete die SR aasser bei 

cbronisciior Tonsillitis aucli bei anderen fokalen 
den. Dabei kam er zu dem Resiiltat, dass 

Verandcrungen in dor Senkiingsreaktion bewirken. j ' 5^. 

hiihte Werte antrifft. sind sie seiner Ansicht nach ^ 

gleitkraiiklicit Iiervoigerufen. Audi Diamant fulir 
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Malerinl einijjcn Palicnlcii vorgcJconimcnen crliolilcn Werle 
auf friilicrc Infoklioiicii in tlen Anamncsen zuriick, Edstkom chenso 
wic J.[ussAFiA sind der Mcinung, dass cine crliOhlc Scnlciiiig zii den 
Vcrandcvungon gohdrl, die durc.h Eokallicrde ausgcUist wcrden 
kdnncn. 

Suclit man zii diagnoslisclicn ZAVccken im BUitbild and in dcr 
Scnkungsrcaklion nacli ciner Sliitzc fiir cincn klinisclicn Ver- 
dacld auf clironisclu’ Tonsiliilis, so darf man nielil cnvarlcn. 
grossc Vorandcrungcn zu finden. In diescr Beziclumg sind auck 
gciingo Alnvciclningen voin Normalen zn bcaclden. In den B!ul- 
bildorn meinor Eiille iagen ineisl ein Oder mebrere ^^Vrlc ans.ser- 
lialb der normalen Varialionsgrenze, Vdllig normal waren die Be- 
fundc mir in 12 Ffdlen, in 33 dagegen Irnlen in einem oder mebreren 
Wcidon unbcdeulende Al»\veu'hungen auf, die in den vevsrbiedenen 
Fallen naeh versehiedenen Bieblungen denlelen, wesbalb die Mil- 
telwerle keinen vollen Aufscbluss iiber sie geben. Wie sieb aus clem 
Obigen ergeben liat. gill dnsselbe aneb von der Senkungsreaktion. 
Aucb da waren Grcnzwerte Oder leiebi erboble Werle ge- 
wdbnlieb. 

Die Tonsilleklomie rief in den Slernal])unklalen keine Friili- 
rcaklion ben'or. Beim Vergleieb der Werle der erslen Unlersuebung 
mil den Punklalen aus den erslen Tagen nacb der 0])eralion Hessen 
sicb in den gegenseiligen Beziehungen dcr Zellen koine wnbrnebm- 
baren Verandcrungen naebweisen. Anf cine miigliebe Vermebrung 
der myeloiseben Zellen deulel jedoeb die uncrbeblicbe Sleigernng 
dcs Erylbroblaslen-Leukozylcnindex, die 1 — iS Tagc nacb der Ton- 
silleklomie, aber nicbl mebr spaler auflral. D c r u n m i t I e 1- 
b a r e E i n f 1 n s s d or O p e r a I i o n a u f das jNf a r k 
z e i g 1 c sieb also I a n g c n i e, b 1. so d e u 1 1 i c b w i c 
b e i den G r a n u 1 o z y L o ]) c n i c-A n g i it e n, b e i d c n e n 
die g r 0 s s e n e r ;i n d c r u n g e n in s c b n c 1 1 c m 
T e m ]) o V c r s c li w a n d c n, u n d b e i der a k u I e n 
Tonsiliilis, b c i der die Tonsilleklomie cine 
g c I e. g e. n 1 1 i c b e Verst a v k n n g d c r v o n f r n b e r- 
b c r b e s I c b e n d c n L i n k s v e r s e b i e b u n g d c i 
myeloiseben Zellen b c w i r k I c. 

In den Bbilbildern kam die dnreb die Operation ausgclosle 
Reaklion dcullicbcr als im Markc zum Vorsebein. indem sie. cine 
scbnell voriibergcbende Zunabmc dcr Gcsamlmcnge der Lcuko- 
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zyten und eine Linksverschiebung der Neutropbilen zeigten. Diese 
Befunde stimmen mit den fruberen Untersuchungen von Androli 
und Calabresi uberein. “ 


In den Senkungswerten ausserte sicb die Einwirkung der Opera- 
tion ebenso deutlich wie in den Blutbildern. Ein Unterscbied be- 
sland nur darin, dass die bei der ersteren festgestellten Veranderun- 
gen langsamer als bei der letzteren verscbwanden. Meine Ergebnisse 
bestatigen die Resultate von Morgekroth, dass der tlbergang 
der SR zur Norm nacb der Tonsillektomie lange Zeitin Anspruch 
nehmen kann. 


Bei der Spat-Nachuntersucbung waren bei den nicht symptom- 
losen Patienten die vor der Tonsillektomie bestebenden Veranderun- 
gcn sowobl im Markc als im Blutbild und in den Senkungswerten 
nocb vorbanden. Bei den symptomlosen Patienten dagegen waren 
von den bei der ersten Untersucbung konstatierten hamatologischen 
Yerandcrungen mancbe verschwunden, wahrend einige andere nocb 
festzustellen v.’aren. In den Stern alpunktaten liess sicb bei der 
Nacbuntersucbung koine Zunabme der myeloiscben Prototypen 
mehr nacbweiscn. Der Mittehvert der fertigen Segmentkernigen 
batte sicb seit der ersten Untersucbung erbobt, obwobl immer nocb 
eine leicbte Neutropenie im Yergleicb zu den Normalfallen zu er- 
kcnnen Avar. In den Blutbildern war die Linksverschiebung ver- 
scbwundcn, und der friibere ziemlicb bobe mtehvert der Mono- 


zylen war bei den Spat-Nacbuntersucbungen derselbe Avie bei den 
Normalpersonen. Audi der vor der Tonsillektomie leicht erlidbte 
mittlere Senkungswert war jetzt normal. 

ZAviscben den zu verschiedenen Zeiten ausgefiihrten bamato- 
logiscbcn Untersuchungen und dem kliniscben Zustand der Pati- 
enten berrscbte also eine Aveitgebende Ubereinstimmung. ^ ^ ® 
zeigt meiner An sic lit nacb, dass die Verande- 
rungen in der Myelopoese und der Senkungs- 
reaktion trotz ibres geringen Grades ein 
Zeichen einer infektiosen 
nicht von zufalliger Art sind oder durch Ung 
nauigkeiten der U n t ers u chu ngsm e t h o d e n 
I,edingt «-orden, Mit grosser Wahrsolre.n icl- 

Iceit war die festgestelUe pajle 

die Tonsillitis und in einem Tell d 
ausserdem durcli die Zahnlierde hervor^eru 
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fen. Dicse iiiimatologischc Festslcllung. ist bemerkenswert, da 
sic zu den objektiv fur die Fokalinfeklionstbcorie spreebenden 
Unlcrsnclningen gcbbrl, deren cs, wic NYcsTKaGREN bcrvorhcbl, 
ini Scbrifltum verbid Inisniiissig wenige gibt. 

Von Verandeningen, die bei den symploniloscn Palicnlcn niebt 
naeb dcrTonsilleklomic versebwanden, fand sicb ini Blutbild einc 
Neigiing zu niedrigen I lainoglobirnvcrlen nnd zu crlidblen Lymplio- 
zylcmncngen ini Mark. Die dureli.scliniLUicbe Hcraliselzung des 
Hanioglobimverles liei den TonsilHlispalicnlcn war niebt gross. 
Ini Yerbaltniss zu den Nornialfi'dlen kani sic jedoeb deuUicli zuni 
Vorsebein. Bei der Spat-Naclumtersucliung ergab sicli klinisch keine 
Ursache, aus der sicli der fortgesetzle niedrige Stand tier Werte 
crklarl biittc. Aus dicseni Grunde sind sie nieines Eraebtens als cine 
Ausserung der andauernd lorpideii Funktion der Erytliropoesc 
aufzufasscn. Mierauf binweisende Unislande finden sicb aucb, ob- 
wold undeullicb, in den Sternalpunklaten. Aus der leiclil crbdbtcn 
Oder berabgcselzlcn Gcsainlinenge der Erylbroblaslcn ini Diffcrcn- 
tialbild allein lassen sicb keine Scliliisse zielien. weil auf dassclbc 
in bobcm Grade dcr Zusland dcr Myelojioese cinwirkl. Bei nieinen 
Patienten wicb das Verliiiltnis der Nornio- und Malcroblastcn 
ctwas voin Norniaien ali. Die INIcnge dcr Makroblastcn war bdlicr 
als gcwobnlicb. Dies oben.so wie die bei alien Untersuchungen auf- 
gctrctcnc ctwas gcringcrc Menge der roten Mitosen wtirde. auf 
cine verlangsanitc Erytliropoesc bindculen. In den Werten der 
Rctikulozylcn sind dagegen cbcnsowciiig ini Mark wie ini Blut 
Abweiebungen von dcr Norm fcstzustcllen. Zum Vergleicb soi 
crwahnl, dass Kaetiier ini Zusanimcnbang mil der rbcuniatisclicn 
Infektion berabgcsctztc Rclikulozylcmvertc iin Mark gefunden bat, 
und zwar aucb dann, wenn die Mcnge des Manioglobins und dcr 
Erytbrozyten normal war. 

Die KnocbenmarksljTiipbozytosc, die in alien zu vcrschiedcncn 
Zeiten entnommenen Sternalpuiiktaieii zu konstaticren war. ist 
fruber niebt fcstgcstellt worden. Will man versueben aufzuklaren, 
worauf dicse gestcigertc Mcnge der L>Tiipbozyten berubt, so koninicn 
zwei Alternativen in Bctracbt. Die erste Mdglicbkcit ist, dass die 
Ljnnpliozytcn in deni Punktat aus dein Blut staniinen und ilir 
erbobter Wert also von dcr dem Punktat beigemisebten Blutmenge 
berriiliTt. Die zweitc Alternative ist, dass das Mark dcr Patienten 
melir Lympbozyten entbalt als das dcr Gesunden. Icb babe fruber 
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H<>'« Ljmphozytemverte (ies BMes kiinnen ebensogut 
ba hohen als bci niedrigen Werten des Markes auitreten. Die er- 
walmten Umstande sprechen meiner Ansicht nach dafur, dass die 
m den Punktaten gefundenen hohen Werte wirklich der Ausdruck 
einer Lymphozytose des Knochenmarkes sind. Dass die Werte 
auch nach der Tonsillektomie konstant bleiben, zeigt, dass es sich 
wahrscheinlich um einen vom Normalen dauernd abweichenden 
Zustand handelt. 


Alls pathologisch-anatomischen Untersuchungen ist schon lange 
bekannt, dass im Knochenmark ab und zu Lymphkiioten auftreten,. 
aus denen die in den Punktaten anzutreffenden Lymphozyten 
stammen konnen. Askanazy, v. Fischer, Mayer und Furuta 
soivie spater Williams haben sie in 15—60 % der untersuchten 
Falle festgcstellt. Ob die L 3 Tnphknoten zu dem anatomischen Bild 
des normalen Knochenmarkes gehoren oder ob es pathologische 
Befunde sind, das sind Fragen, die bisher nicht endgiiltig geklart 
sind. Nach den eben genannten Forchern ist ihr Vorkommen als 
normal, -wenn auch nicht als konstant zu betrachten. Das Material 
von WiLLiAJis umfasste u. a. durch Unfall urns Leben gekommene 
Personen, in deren Anamnese keine entzundlichen Krankheiten auF 
getreten waren. Auch im Knochenmark dieser landen sich Lymph* 
knoten relativ ebenso zalilreich vde in dem anderen Material, \vor~ 
aus er schliesst, dass die Lymphknoten keinen Zusaramenhang 
mit den entzundlichen Krankheiten haben. HELLMAN.seinerseits 
betrachtet sie als metaplastische Veranderungen, die unter dem 
Einfluss verschiedenartiger toxischer Faktoren entstehen. Zugun- 
sten dieser Auffassung veriveist er u. a. auf die Untersuchungen von 
Glimstadt an bakterienfreien Meerschweinchen, deren ganzes 
lymphatisches System im Vergleich zur Norm ausserordentlich 
schwach entwickelt war. Halleiumann hat sie zahlreich bei emem 
Patienten angetroffen, der lange an einer Polyarthritis gehtten ha e 

und dann an einer Granulozytopenie-Angina gestorben war. Da sich 

die LympJiknoten niclit ^YaIlrend der kurzen Krise entwickelt haben 

konnten, halt er sie fiir die Folge einer rheumatischen 

Einen ahnlichen Fall hat auch Leuchtenberger veroffentlicht. 



m:; 

Roun isl auf Gnmd von gcwohnliclicn Siriclipraparatcn aus 
Punklalen und aucli von Sclinillpriiparalon zii dcm Ergcljnis gc- 
langl, dass Ljanphozylcnhcrdc im Knochonniark norinalcnveisc nur 
in AnsnahmefiUlen vorkommen, viel haufigcr aber im Zusannnen- 
hang mil bcslimmlcn Krankhcilcn, von dcnon vor allem pcrnizidse 
Aniimie, Granulozylopcnie,, Panmyclophlhisc nnd chronischc Infck- 
lioncn zn ncnnen sind. Er Ijal die Anffassung gciiusscrl, die lym- 
phalische ^rdaplasic cnlstandc ebenso wie die reliknlare of I in- 
folgc cincr chronisehen nnsjiezifischcn Knoclicnmarksentziindiing, 
als deren Ursaclicn or u. a. chronischc Polyarthritis und fokale 
Enlzundungshcrde namhafl machl. Die von ihr hervorgerufenen 
Syinplomc sind anfangs nnbedcnlcnd. Oft erscheinen als ihr ein- 
ziges Zcichcn im Blulbild abnorm niedrige Werte. b)ic Folge ciner 
solchcn Eutzhndung wiirdc ein sich alh'nilhlich enlNvickclnder 
Insuffizicnzznsland dos ^farkes sein. Wenn das Mark dabei noch 
von cincr zufiUligen Noxc, wic cincr aknlen Infcklion, bclroffen 
Vi'ird, manifcslicrl sich die langwicvige Markcrkvanknng in Form 
abnormcr Blnlrcaklioncn, z. R. cincr Grannlozylopcnie. 

Die Bcobachlnngcn RoinVs haben mich vcranlassl nachznsc- 
hen, ob cine crhdhtc Lymphozylenmcnge in meinen Fiillcn anf die 
Funklion dcs Knochcninarkes cinvirkl. Zn dicsem Zweek babe 
ich in Tabcllc 37 die Palicnlen anf Grnnd der Marklympho- 
zylcmverle in zwei Gruppen cingcleill. (Bei dicsem Verglcich babe 
ich die Fallc -19, 51, 71 und 72, bei denen sich im Znsammenhang 
mil der Tonsilicklomic Scknndarinfeklionen cnlwickellen, nnbe- 
riicksichligl gelasscn.) Die crsle Grnppc bilden 9 Palicnlen (35, 37, 
42, 43, 51, GO, Gl, 76 und 77), deren Wcrlc oberhalb der nonnalcn 
Varialionsgrenzclagcn nnd bei denen dicKnochcnmarkslynipliozylosc 
daher deullichcr hervorlral als bei den andcren Palicnlen. Kliniscli 
varen bei zwei objekliv cine Ncbcnkrankheil nnd bei den andcren 
subjeklive Bcsclnverden fcslgcslclll ■\vordcn. In der andcren Grnppc 
war der Millehvcrl der Lymphozylcn niedriger, aber dock ehvas 
holier als bei den Gesunden. In den MillchYcrlcn der Pnnklalcund 
Blulhilder bcider Gruppen waren Unlerschicdc nachzinveiscn. Im 
Knochcnniarksbild dcr crslcn Grnppc Iralen sowohl mycloischc als 
erj'lhroischc Zcllen sparlichcr als in den Normalfiillen anf. Unter den 
Prototypen dcr Lcukozylen war die Verminderung der Mclamyclo- 
zjden und klyelozylcn im Verhiillnis am slarkstcn. Den niedrigen 
Knochenmarkswcrlcn entsprach im Blulbild cine rclativ niedrige 



144 


Tabellc 37. 

SternalpunkMc m,l Blutblldtr aul Gnmd to Mcnga d«t Kdoctoamartelvmphotoo,, 

m zwei Gruppen geleilt. 


Bas, Myel. & 
Leukoz. 


Eos. Myeloz. 


Eos. Leukoz. 


Myelobl. 


Neutr. 

Protnyeloz. 


Neutr. 

Myeloz. 


Neutr. 

Metainyeloz. 


Neutr. stabk. 
Leukoz. 


Neutr. segm. 
Leukoz. • 


Lymphoz. 


Mohoz. 


Retikulum- & 
Plastnaz. 


Megakar. 


Normobl. 


Makrobl. 


Proerythrobl. 


Falle mil deutlicher 
Knochenmarkslyiuphozytose 


Audcrc Palicnlcn 


\ or dor _ 1— 3T. nachdcr Vor der 1— 3T. uadi dcr 

Tonsillektomie Tonsillektomic Tonsillektomie Tonsiilcktomie 
9 Falle 9 Falle 32 Ffdlc 30 p.-.pc 


0 — 0.75 
0.33 


0.75 — 5,0 
•2.31 


0.25—4.0 

1.36 


0.25—2.75 

0.92 


1.25—9.25 

5.03 


5.0—18.50 

11.72 


5,75—11.25 

10.14 


12.50—42.0 

26.47 


26,75—37.0 
30.0 • 


0.25—4.0 

1.G7 


2—25 

8.07 


11—143 

60.33 


0—0.25 

0.1 


0.75—3.0 

1.S9 


0—3.0 

1.19 



2.75—11.50 

5.86 


6.25—19.75 

12.44 


9.50—19.75 

14.07 


6.50—13.25 

9.67 


13.0—44.75 

24.92 


23.0—38.0 

26.68 


0.50—3.0 

1.67 


0 — 0.75 

, 0.2 


0.75—8.50 

2.81 


0 — 3.75 
0.97 


0.5—3.50 

1.56 


1.75—14.0 

6.54 


8.50—23.25 

15.55 


15.50—28.0 

19.71 


8.25—21.75 

13.95 


6.25 — 37.50 
18.05 


4.0—24.0 

18.53 


0—3.0 

1.20 


14—105 

48.11 


0—16 

5.89 



0— 0.7.5 
0.15 


0.5—0.75 

2.65 


0—3.75 

1.17 


0.25—2.75 

1.45 


1.0— 14;50 
6.60 


4.75—27.0 

15.72 


4.75—28,75 

17.90 


3.50— 17,.50 
11.71 


10.0 — 45.50 
20.70 


10.0—38.50 

20.54 


0 — 3.50 
1.39 



12—140 

04.9 
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Tabelle 37 (Forts.). 

Slernalpunktate und Blutbilder auf Grand der Menge der Knochennxarkslyraphozyten 

in z'wei Gruppen geteilt. 


Hb 

Falle mit deutllcher 
Knochenmarkslymphozytose 

Andere Patienten 

Vor der 
Tonsillektornie 

9 Falle 

1 — 3 T. nacb der 
Tonsillektornie 

9 Falle 

Vor der 
Tonsillektornie 
32 Falle 

1 — 3 T. nach der 
Tonsillektornie 
32 Falle 

67/72—100/108 

79/85 

67/72—100/108 

79/85 

63/68—98/106 

76/82 

55/59—98/106 

75/81 

Erythroz. 

3695—5600 

4576 

3920—5850 

4621 

3930—5120 

4536 

3070—5160 

4443 

Index 

0.82—1.14 

0.95 

0.79—1.08 

0.93 

0.68—1.10 

0.91 

0 69—1 

0.91 

Leulroz. 

4200—7700 

55S6 

5300—9300 

7261 

3850—9800 

6623 

5000—14000 

8412 

Neutropli. 

44.4—68.2 

53.7 

50.2—78.6 

66.7 

42.4—79.6 
. 57.8 

46.0—88.0 

66.4 

Iiletamyeloz. 

0—0.2 

0.1 

0- 0.2 

0.1 

0—0.4 
. 0.1 

0—1.6 

0.2 

Stabkernige 

0.6— 6.2 

2.97 

1.0—10.0 

4.9 

1.0—11.2 

5.3 

1.0—14.0 

5.0 

Segmentkernige 

41.8—63.0 

50.0 

44.0—66.0 

61,7 

36.2—68.4 

52.4 

36.2—77.6 

61.2 

Basoph. 

0—0.6 

0.4 

0—1.4 

0.4 

0—2.0 

0.4 

0—2.0 

0.4 

Eosinoph. 

0.2— 3.8 

1.6 

0—3.6 

1.0 

0—9.0 

3.0 

0—6.8 

1.9 

Monoz. 

3.0—11.0 

8.1 

3.0— 8.8 

5.7 

2.4—11.2 

6.6 

2.0—13.4 

6.6 

Lymplioz. 

24.6—45.4 

36.2 

13.6—44.0 

26.2 

15.6—46.2 

32.2 

12.8—42.8 

24.7 

Thromboz. 

148000—251200 

106433 

141100—259600 

198671 

136500—380400 

232053 

153500—374300 

209067 

Retikuloz. 

0—1.3 

0.5 

0.1— 0.9 

0.4 

0—2.6 

0.7 

0.2— 1.9 

0.7 

SR 

2—11 

5.7 

9—15 

11.8 

3—47 

14.7 

3—55 

22.6 
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LeulfoxytenzaliL Eme Linksverschiebung der Neutrophilen war 
mcht zu fmden. Die Werte des roten Blutbildes waren ziemlich 
normal und holier als in den Fallen der zweiten Gruppe. Dies kam 
vor, obwobl im Mark der Patienten der Lymphozytengruppe die Zahl 
der Retikulozjilen und der roten Mitosen niedriger und- die der 
Makroblasten etwas holier als in der zweiten Gruppe war, Umstan- 
de, die auf eine Jierabgesetzte erythropoetische Tatigkeit hinweisen 
durften. In den zur zweiten Gruppe gehorenden Punktaten zeigte 
sich eine Vermehrung der myeloischen Prototypen. DerMittelwert 
der Leukozj^ten war in diesen Fallen urn 1000 hoher als in der 
ersten Gruppe. Diese Verschiedenlieiten sprechen dafiir, dass die 
leukopoetische Tatigkeit des Markes bei Patienten mit einer 
betrachtlichen Knochenmarkslymphozytose etwas niedriger ware 
als bei den anderen. 

Die Tonsillektomie bildete in meinen Fallen eine Art Belastungs- 
probe, die die Funktionstiiclitigkeit des Knochenmarkes waiter 
belcuclitet. In beiden Gruppen war die postoperative Erhohung 
der Leukozytenzahl iin Blute gleich gross. Bei derDurchmusterung 
der Knock enmarkswerte findet man, dass die Tonsillektomie in der 
ersten Gruppe eine deutliche Linksverschiebung der myeloischen 
Zellen verursacht hat; in der zweiten Gruppe war keine solche Ein- 
wirkung zu bemerken. Die durch den gleichen Reiz ausgeloste, 
gleich starke periphere Erhohung der Leukozytenzahl ausserte 
sich also im Mark der Patienten der Lymphozytosegruppe deutlich 
in einer starkeren Reaktion als bei den anderen. Dies zeigt, dass 


der Gleichgewichtszustand des Knochenmarkes bei den ersteren 
labiler war als bei den letzteren, obwohl in den Fallen der Lym- 
phozytosegruppe keine deutliche Knochenmarksinsuffizienz fest- 
zustellen war. 


Im Licht der weiter oben angefuhrten friiheren Untersuchungen 
ist es wahrscheinlich, dass die Lymphozytose in meinen Fallen 
der Ausdruck einer ' lymphatischen Metaplasia des Markes ist. 
Mit Hilfe von Strichpraparaten aus den Punktaten lasst sich das 
'Vorhandensein einer solchen jedoch nicht beweisen. Nur durch 
Schnittpraparate konnte ermittelt werden, ob die Zahl der Lymp i- 

herde zugenommen hat. . „ , x „ 

Meine Arbeit klart nicht die Frage iiber die Bedeutung 

der Lymphozytose (oder der moglicherweise hinter ihr hegen- 
den Metaplasie). Nach der Beseitigung des Fokus war die Linhs- 
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vorsphicbunfi l)pi <ler Myolojjocsc vcrscluvundcn, wiis die kliiiisclic 
I’VststellunfJ hosliitigl, diiss dcr l)ei den Patienten herrscliende 
Infeklions/.usland j+leichfalls aufgehdrl halte. Nielilsdeslowcni- 
fjor l)Uel) die Lyinpliozylose widivend der f^anzen ]3coi)aclUuii'fszeil 
unveriinderl. Wie iiiir seheint, kdnntc das cin ini Knoclienniark 
auftrelondcs Zciclien eines allerj^isclien Reaklionszuslandcs sein. 
Inir die Enlsloliuiij' eines snlehcn j'ilil es melirerc paUioffcnclisclie 
Muj'Iielikeiten. Kine re/idivierendc Tonsillilis kann schon an und 
fiir sieli die Aiissen!n}< eines allcrf'isrhen Znslandes sein. Sic kann 
alier aucli die Ursaehe zu seiner Entsleliniiff oder Vcrslarknng dar- 
slcllen. 01) ein allergischer Zusland im Knoelicninark Reaktionen 
Oder Organverandeningen Iien-orriif(, wie or z. R. die rhenmatisciie 
In'jierergische Gelenkentziindnng voninsaelil, wi.ssen wir liislicr 
nichl genan. Die olien angeftilirlen Ergelmisse Roiin’snnd dicRcoli- 
aelilungen 11oi,i.mann‘s iilier die I'lcnkopenische Ersclii'ipfnngs- 
]iiiase» ini Zusaininenliang mil heslinnnlen rheinnalisrhen Infek- 
lioncn sowie ancli nieine cigenen Refunde iilier die Lyniphozytosc 
lassen verniulen, class ein ailergiselier, liiiisieliUieli seiner Patlio- 
genese weeliselnder Zusland zu Veriinderungen des Knnclicn- 
inarkes fiiliren kann, die imstande sind, hennnond auf dessen Funk- 
lion einzuwirken. Dio Klarung dieser Fragen muss kiinfligcn For- 
sclinngen vorlieliallen bleiben. 


c) yjisainmcnfassiing. 

Das Slcrnalptinhlal, das J3lu(l>ild und die ScnUimgsrcahlion von 
45 an chronheher Tonsillilis Iridcndcn Palicntcn ivurdc vor dcr 
Tonsillcldoinic, in den ersien Tagen danach and bci 30 Palicnkn 
darclischnilllich cin halbcs Jahr spider antersaehl. Es warden Idcinc 
Abweichangen vom Nornialcn IcstgcstclU, die am dcallichslcn in den 
MiUclwcrlcn hcnmiralen. lifijclopocsc: Vor dcr Tonsillcldomic war 
die Mcngc dcr [crligcn Ncalrophilcn im Mar]; hcrabgcsdzl and 
waren die Millelwcric dcr Protolgpcn ciwas holier als normaler- 
nicisc. Es zciglc sich zwischen den Palicntcn l;cin aasgepriigter 
Untcrschicd anabhiingig davon, ob sich zu dcr Tonsillilis Dcgleiler- 
Uranhungen gcsclll hatlcn ode.r nichl. Im peripheren Blat irat bci 
norrnalcr Gesamimenge dcr Lcakozijien cine Iciehlc Ncigang zuLinks- 
vcrschicbang and Monozglosc aaf. Es kam keine Eosinophilic vor. 
Die Link.sver.schicbang war am dcallichslcn bci Palicntcn, die aasscr 
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Her Tomlrniis cine objcklw fcsislcllbarc Sekundarcrkranhtm hallen. 
nder erslen Zed nach dcr Tonsillektomie waren in den Punk- 
taten home dcidlichen Verandenmgen im Vergleich mii der ersten 
Unlersiiclnmg zu konstaticren. Im Blul dagegen iralen wahrend 
zwckr Tagc cine Zunahmc der Leukozgienmenge md cine Linksver- 
schiebung der Ncidrophilen auf. Bci dcr Spiit-Nachuntersuchmg 
waren bci den sijmpiomlosen Paiicnten (22 Folk) im Mark md BM 
die Binksverschiebung verschwunden und die Monozyienwerie des 
Slides auf die Norm Iicrabgegangen. Die Palienien, bei denen die 
Tnfckiionssijmpiome foribestanden (SFolle), wiesen im Mark md Blui 
dlmlickc Vcrdnderimgcn auf ivie bci dcr ersien Untersuchung. Ery- 
ihropoesc: In den zu verschiedenen Zeiten entnommenen Sternal- 
punktalcn zeiglc sick cine massige Neigung zu erhohten Makroblasien- 
werien und ciner hcrabgesefzlen Zahl dcr Milosen. Im peripheren 
Blul war die Mcngc der Enjlhrozykn bei alien Unlersuchungen nor- 
mal, aber die Miticlwcrle des Hdmoglobins waren ctwas erniedrigt. 
Rctikuloendolhcl: Die Mcngc dcr Rciikulum- und Plasmazellen in den 
Punklaicn wich nichi von der normalcn ab. Thrombopoese: Die Zahl 
dcr Megakanjozyten im Mark und die Menge der Thrombozijien im 
Blui waren dicsclbcn wic in den Normalf alien. ’ Lymphopoese: Die 
Mitlclwerle dcr Lijmphozyted im Mark waren bci alien Untersnchim- 
gen erhdht und blicben forllaufcnd konsiani. Die Lymphozyienwerie 
dcs Bhites wiclicn bei den verschiedenen Unlersuchungen nicht von 
dcr Norm ab. Bei Paiicnten, bci denen die Knochenmarkslymphozy- 
iose am siarksten war, war die Menge dcr myeloischen ebenso ivie die der 
cryihroischen Zellen im Mark niedriger als normdlerwcise und die 
Lcukozytcnzahl des Blutcs durchschniiilich urn 1000 niedriger als bei 
den andcren Palienien. Die Tonsilleklomie loste bei diesen im.Mark 
cine mycloischc Rcaklion aus, die bei den andcren nichi zum Vorschein 
kam, wahrend die Leukozyiosercaklion dcs peripheren Bliiies in bei- 
den Gruppen die gleiche war. Senkungsreaktion: Dcr mililere Sen- 
kungswcrl war vor dcr Tonsilleklomie leicht erhbhl, am deullichslen 
bei den Palienien mil Begkiterkrankungen. Die Tonsillektomie be-, 
ivirkie- cinen Anslieg der ' Senkungswerk, dcr wahrend dcr ersten 1 
Tagc,' aber nichi mehr spdtcr za beobachlen war, Znr Zed der pa - 
Nachunicrsuchung war die SR bei den sijmpiomlosen Palienien nor 
mal, bci denen mii Symptomen leicht erhdht. 



rv, ZUSAMMENFASSUNG. 


/is wurdcn das StcrnalpiinUtai tind das Bhdbild nor dcr Tonsillck- 
lomic and danarh bci Fallen mil Angina grannlorglopcnica, Ton- 
sillitis acuta nnd TonsillHis chronica nnicrsnchl. Als Kontrollmalcrial 
dienten 20 snbjcldiv nnd objcldiv gcsundc. Per^sonen. 

1. Mil Ililfc von 6 Fallen solllc die Frage weiler belcnchlcl werden, 
aul ivelchc "Wcisc die wdhrend dcs alatlen Sladinms ansgefnlirie Ton- 
silleldomic anf den Verlanf dcr Grannloziilopetnc- Angina cinwirkl. 
Finer dcr Palicnlcn (25), dessen Stcrnalpnnktal nnd Blntbild zciglcn, 
dass cine ivcii cnhvickcllc nnicloischc Aplasic vorlag. starb, wiihrend 
dcr fnihcrc sepiischc Znstand nnverdnderl forldancrle, 24 Stnndcn nach 
der S Tage nach dan Ansbrnch dcr Krankheii ansgefnhrlcn Tonsillcklo- 
tnie. Bci der Obdnklion wnrdc cine Pncnnwnic fcslgcslcllL In cincm an- 
deren Fall (20) verschwanden die schweren hfimalologisclicn Vcriindc- 
rnngen znerst nach der 0 Tage nach dem Ansbrnch dcr Krankheii crfolg- 
Icn Operation, rezidivicrtcn aber bald, ivobei 3 Tage nach dcr Tonsillck- 
iomic bci dcr Palientin cine. Pnenmonic konsialicrl wnrdc nnd sich 
bci ihr ansserdem cine zn ciner Osophagnsjistcl fnlircndc Mediastini- 
tis cniwickclle. Die Palientin slarb 11 Tage nach dcr Tonsillcktomie. 
4 andcrc Palicnlcn, von denen zwei (21 nnd 24) nach Answeis dcr 
hamatologischcn Verandernngen nnd dcs klinischen Krankhdlsbildes 
cine schwcrc nnd die beiden andcren (22 nnd 23) cine Icichte Krisc liailcn, 
genasen schncll nach dcr 3 — 12 Tage nach dem Ansbrnch dcr Krank- 
heii ansgcfiihrlcn Operation. Abgcschen von dcr Tonsillcklomic war- 
den 3 Palicnlcn mil ciner geringen Anzahl von Lcbcrin]'cklionen nnd 
4 mil SnllanilamidprUparalcn behandclt. Die Remission dcs Blntcs cr- 
folgtc im Lanf von 2 — 5 Tagen nnd nach dcr Anffassnng, die dcr Verf. 
ans dem Schrifllnm crhallcn hal, schncllcr, als cs in den konservaliv 
behandcllcn Fallen zn gcschehcn pjlegt. Die Hcilnng dcr Opcralions- 
wnnden war, abgcschen von dem znerst crwahnlcn znm Exitus gegange- 
nen Fall, normal. Nach dem plotzlichcn Verschwinden dcs Ficbers 
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und der hamatqlogischen Veranderungen zu urteilen, wurde die Re- 
mission durchdie Tonsillektomie gefordert Von der ArtihrerEinivir- 
mrig auf die Aufhebung des Krisenzusiands des Blutes kann man 
sich eine Yorstellmg bilden, ivenn man den Einfluss der Tonsillekio- 
mie auf das Mark und das Blut bei der gewohnlichen akuien Angina 
vergleichl Im Lichie der letzierwahnten Falle kann man schliessen, 
dass die Operation bei den Granulozytopenie-Anginen auf den hama- 
tologischen Ziisiand teilweise wie ein unspezifischer Reiz, haupisdcHlich 
aber wie eine spezifische Massnahme einwirkl, die durch die Beseiti- 
gung des Infekiionsherdes eine Aufhebung des Krisenzusiands zur 
Folge hat. Auf Grand der Falle beirachiei der Verf. die Tonsillekio- 
mie bei den Granulozytopenie-Anginen in solchen Fallen als mbg- 
lich and indiziert, in denen ausser der Tonsillitis keine anderen 
entzundlichen Herde besiehen und das Siernalpunkfat zeigU dass 
cine Regeneration des Blutes moglich ist. Als dtiologische Ur- 
sachen der Krise kamen in den geheilten Fallen ausser den infekiids- 
toxiscHen Momenlen konstituiionclle Faktoren und Medikamenie 
in Beirachi. Im Hinblick darauf halt es der Verf. filr wahrschein- 
lich, dass die Tonsillektomie ausser in Fallen, in denen die Ton- 
sillitis primdr ist, aiich in Fallen von Nutzen sein kann, in denen 
sie sekunddr ist. Bei der Behandlung der Granulozytopenie-Angina 
ist die Tonsillektomie nicht immer allein eine hinreichende thera- 
peutische Massnahme, sondern da isi es angebracht,ihrenEffekt durch 
eine die Hdmatopoese slimulicrende Behandlung und mdglichenveise 
durch Sulfanilamidpraparale zu uniersiuizen. Die bisherige Er- 
fahrung lehrt, dass die Tonsillektomie in der Therapie der Granulo- 
zytopenie-Angina von grosser Bedeutung ist, was mehr Beachiung 
verdient, als es bisher im Schrijttum der Fall gewesen isi. 

2. Der Einfluss der akuien TonsilHiis und der wShrend derselben 
ausgefuhrten Tonsillektomie auf die Hdmatopoese wurde in 6 Fallen 
untersucht. Yor der Operation zeigte das Knochenmarkshild^ eine 
myeloische Hyperplasie, eine Linksverschiebung der myeloischen 
Zellen und eine Vermehrung der Reiikulumzellcn, also Yerdnderun- 
gen, die man im allgemeinen bei akuien Infektionen anirijjt. Dagegen 
war die Menge der Lymphozgten im Mark grosser, als es bei akuten 
Infektionen gewdhnlich isi. Wie der Yerf. annimmt, beruht dies dor 
auf, dass es sich in den Fallen von Tonsillitis acuta nicht um. eine cm 
fache akuie Infektion, sondern um das akute Stadium einer chro- 
nischen Tonsillenerkrankung handelie. In den Blutbildern trat eine 
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neiitrophile Leukozytosc auf,' an die sich cine leichte Linksver- 
schiebung anschloss. In den ersien Tagen nach der Tonsillekiomie 
war die infektiose Reakiion des Knochenmarkes noch starker als 
vorher und die Linksverschiebiing im peripheren Bint gesteigert. 
Die Verdndcriingen des Bluibildes vcrschwanden nach der Tonsillek- 
iomie schnell, obwolil nicht so schncll wic das Fieber. Aus dem Ster- 
nalpunkiat vcrschwanden die Veranderungen langsamer, und sie 
ivarcn ieilwcisc noch 10 Tagc nach der Tonsillekiomie vorhanden. 

3. Bei 45 Paiicnten mii chronischer Tonsillitis warden das Ster- 
nalpimktat und das Blutbild vor dcr Tonsillekiomie, wdhrend der 
ersien Tage danach und in 30 Fallen uberdies durchschnittlich ein 
halbes Jahr spatcr untcrsucht. Klinisch bildcie das Material cine 
fortlaufende Serie von Patientcn (6 Fdllc), die ausser dcr Tonsillitis 
kcine anderc Krankheiten oder Beschwerden haiicn, sowie jerner von 
Fallen (25 Fdllc) mit verschiedenartigcn subicklivcn Nebcnsgmpto- 
men {Miidigkeit, unbestimmten ^yrheumatischenf) Schmerzen) und drit- 
tens Patientcn (14 Fdllc), bei dcncn auch objektiv eine Begleiterkran- 
kung (Polgarihritis, Nephritis usw.) fesizastellen war. 

Die Zellfrequenz der Sternalpunkiate wich bei den Tonsilli- 
tis chronica-Patientcn ebensowenig von der Norm ab wie der 
Eryihroblasicn-Leukozytenindcx. Vor der Tonsillekiomie zeigten die 
Miticlwcrtc der Punkiale im Vergleich zu den Normalwerten eine 
Vcrminderung dcr fertigen Neutrophilen, eine leichte Zunahme 
der myeloischen Protoiypen und cine Erhdhung der Lymphozy- 
tenzahl. Bei den erythroischen Zcllen irat eine leichte Neigung zu 
erhdhten Makroblasicnwerien und ciner herabgesetzien Zahl der 
Mitoscn auf. Zwischen den Patientcn besiand kein deutlicher Unier- 
schied mit Riicksichi darauf, ob sich dcr Tonsillitis die obenerwdhn- 
icn Nebensymptome oder -krankheiten angcschlossen hatten oder nicht. 
Die Mittehverie der Blutbilder aus alien Fdllen zeigten eine etwas 
herabgesetzte Hdmoglobinmenge sowie bei normaler' Leukozytenzahl 
eine leichte Linksverschiebung und eine Neigung zu Monozytose. Die 
Lymphozyten waren nicht vermehrt. Bei den Normalpersonen war der 
relative Mittelwert dcr Lymphozyten 32.2 % und der absolute 1924i- 
Die Scnkungsreaktion war durchschnittlich etwas hoher als normaler- 
weise. , Die Linksverschiebung und die Erhohung der SR waren am 
ausgeprdgtestcn bei den Patientcn mit Begleitkrankheiten. 

Die Tonsillektomie verursachte in den folgenden Tagen nach der 
Operation keine deutliche Reaktion imMark. Dock weist die wahrend der 
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ersien Tage aufireiende leichie Erhohung des Ervthroblasten Lml-n. 
meydcx aul cine myeloUche Hyperpla^ie Mn. m den Zmt 
myle sic, an 2 Taycn nac, dec Tonsilmocnic eine ZucZZZ 
.LeakojtenzaM dec Neulrophilen md dec Linksuerschiebung sowic 
erne relalm, aber mCt absolute Lymphapenie. In dm Senkimgsmrten 
nef die Operation eine elwa 10 Tage andauernde Erhohung hermr. 

Bci dcr Spai-Nachuntersuchmg, durchschniiilich ein halbes Jahr 
nach der Tonsillektomie, waren bei den Patienten, die immer nock 
Infekiionssgmpiome haiien {S Falle), die friiheren Verandermgen so- 
wohl im Mark als im Blut und in den Senkungswerten vorhanden. 
Bei den sgmpiomlosen Paiienten (22 Falle) waren die Verandermgen 
zum Teil verschwunden und zum Teil konsiani geblieben. Im Mark 
fand sich ebensowenig wie im Blut ■ eine Linksuerschiebung; auch 
der fruhere ziemlich hohe Monozyienwert im Blut war bei der Spai- 
Nacbuntersuchung auf dasselbe Niveau wie in den Normalfdllen 
zuruckgegangen. Der Mittelwert der Senkungsreaktion war normal 
Die vollstandige Vbereinstimmung zwischen den klinischen und hama- 
tologischen Bef unden beweist nach der Ansichi des Verj., dass die 
Verdndcrungen in der Leukopoese und den Senkungswerten der Aus- 
druck einer von der chronischen Tonsillitis ausgelosten Reaktion sind. 
Sie geben der Fokalinfekiionsiheorie eine objektive Siutze. 

Die Neigung zu niedrigen Hamoglobinwerten des Blutes und zu 
einer erhohten Lymphozytenmenge des Markes waren bei den sym- 
piomlosen Patienten Verdndermgen, die bei der Nachuntersuchung 
dhnlich wie bei der ersien Uniersuchung hervortraten. Die konsiant 


niedrigen Hamoglobinwerte beirachiei der Verj. mit Rucksicht auf die 
oben beschriebenen leichten VeranderungenindenWertenderergthroi- 
schen Zellen des Markes als Ausserung einer andauernd iorpiden 
erythropoetischen Funktioii. 

Die Erhohung des Miiielwertes der Lymphozgien im Mark war 
bei den zu verschiedenen Zeiien aasgejuhrien Untersuchungen glcich 
gross. Der Verf. sieht in ihr eine Ausserung einer wuklichcn 
Knochenmarkslymphozyiose und fuhri sie am ehesien auf eine meta- 
plastische Alarkveranderung zuriick. Er spricht die Vermutung ms, 
dass ihr ein im allergischen Sinn verdnderler Reakiionszusland der 
Patienten zagrunde liegen kbnnte. An der Patbogenese derse en -an 
u.a. eine rezidivierende Tonsillitis beieUigt sein. Es ivurde versuchi, 
festzustellen, ob die erhohte Marklymphozytenmenge ' 

tion des Knochenmarkes einwirkt. Dabei erwies es sic , 
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dcr Gmppc von Patienten, beidenen die Marklymphozytenwerie deut- 
lich oberhalb dcr normalen Variationsgrcnze lagen {9 Fdlle), sowohl 
die Mengc dcr mycloischen als dcr cryihroischen Zellen im Mark 
herabgeseizt und die Leukozytenzabl im periphcren Blut um 1000 klei- 
ner war als bei den andcren Patienten. Die »Belastungsprobei>, die die 
Tonsillektomie darstellte, verursachie bei der ersteren Gruppe im Blut 
cine gleich grosse Erhohung der Leukozytenzahl wie bei den letzteren. 
Im Mark dagegen trat in den Fallen der Lymphozytosegruppe cine 
deutliche Linksvcrschiebung der myeloischcn Zellen auf, die bei den 
andercn Patienten nicht festzustellen war. Der Gleichgewichtszustand 
dcs Knochenmarkcs war also bei den Patienten der Lymphozytose- 
gruppe labiler als in der anderen Gruppe. 
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A’ O R W O R T 


/ 

Als ich mich vor vior .Tahren dazii enlschloss, die Erfahrun- 
gcii nieines damals lOjahrigon Diabclcssliidinms in ciner orien- 
ticrenden Einfulinnif' in das Diabetesproblemnicderznlegen.war 
ich von dem Icbbafien Gefuhl goleilct, dass die periodischen 
Sloffwecliselprozcsse, wie wir ilnien im LcbciThythmus iind 
dcin endogenen ncuroborinonalen Wccbsolspiel l)cgegnen, anf 
rinidaincnlalo Vorgiinge dcs Jnologiscben Gesebebens im Orga- 
nismus znriickzufiibrcn scin miissen. Nnr mil Ansgangspunkl 
biervon isl cs mdglicb, sicb Einblickc in das Diabelcsproblcm 
imd die Palbopbvsiologic dcr Stoffwccbselsldinngen zu ver- 
sebaffen, wclcbc dem Arzl Wege zn eincr ralionellercn Tbera- 
pic offnen, als klinisebe Unlcrsucbnngsmetbodcn. die vielfacb 
auf pcripberc Ersclioinungcn abzielcn, den inneren Ursacben- 
zusammenbang ai)Cf oft unbcriicksicbligl lasscn. 

Es war licinc leicblc Aiifgnl>e, in gedriinglcr Form das 
Wcsenllicbc aus eincr fasl nniibersclibaren Fiille von Erfab- 
rimgstalsacbcn licrauszuscbalcn, wie sic das Scbrifllum auf 
den verscbiedcnslcn Gcl)icleu cnlball. Nocb sebwieriger war 
es, dicselljcn mil cigenen Bcobacblnngen nnler Bcriicksicbli- 
gung des endogenen Rbylbmus zu einem Ganzen zu vcrscbmel- 
zen, um dadurcb ein erscbopfendcs Bild der Diabeleslebre mil 
ibren Prol)lemen zu crliallen. Der Unvollstandigkeil der vor- 
liegenden Arbeil Ijin icb mir wold bewussl — es isl ja nicbl 
mdglicb, einer orienlicrenden Scbrifl den Umfang eines Hand- 
l)ucbs zu geben — , boffe al)cr gleicbzeilig, dass dieselbe docb 
in gewissem Masse dazu beilragen mdge, den Gesicblskreis des 
prakliscb liiligen Klinikers im Sinne eines lieferen Versliind- 
nisses fiir die Sloffwecbsclkrankbeilen und die iiusserst kom- 
plizierlen Verbaltnisse zu erweilern, welcben man beim Slu- 
dium von Sldrungen im ebemiseben Ablauf der Lebensprozesse 
gegenuberslebl. Jede scbablonenniiissige Diabelesbehandlung 
isl da ausgcscblossen. Kami die Arbeil iiberdies Impulse zu 
weilerer syslcmalischer Forsebung geben, welcbe vielleiicbl 



hi Zukunft die grossen Liicken unserer Kennlnisse iiber Patho- 

Lsfdn der Sloffwechselkranklieilen' 

ansfullen ^vl^d, dann ist das Ziei derselben erreicht. 

Die Volicndung der vorliegenden Arbeit ware mir unmoglicli 
gewesen, ^venn ich nicht dank gliicldicher Umslande im Laufe 
der Jahre den unschatzbaren Vorteil gehabt hatte, mit einer 
Keihe von Spezialforschern auf dem Gebiele der pbysiolo- 
gischen Cliemie nnd der biologischen Stoffwecbselforschang in 
enger Verbindung zu stehen. Gross ist meine Dankesschuld 
gegeniiber Herrn Prosektor Hjalmar Holmgren nnd Herrn 
Professor Ragnar Nilsson fur vieljahrige gemeinsame Arbeit 
nnd anregenden Gedankenausfauscb, Avelcbe im Laufe der ver- 


gangenen Jalire sicb als fiir das klinische Diabetesstudium in 
iiohem Masse fdrderlicli erwiesen haben. Das gleiche gilt fiir 
die Hcrren Professoren Karl Mijrback, Hugo Theordl und Hen- 
rik Lundcgdrdh sowie Dozent Sven Forssman^ jeder auf seinem 
Spezialgebiel, Ein besonderer Dank gebilhrt Herrn Professor 
Hugo Theorell, der mir bei der Ausarbeitung des fiinften Ab- 
sclinilts werlvolle Hiife geleislet bat, sowie Herrn Professor 
Ragnar Nilsson, welclier den vierlen Abschnitt der Arbeit 
durchsali. In Dankbarkeit wende ich mich auch an meine 


Kollegen im Wenner-Gren-Instilut fiir experimentelle Biologie 
der Universitiit Stockholm, die Herren Professor John Runn- 
sirom, Dozenten Akc Ohrstrom, Lennerstrand, Gunnar Agren 
imd Ehrcnsvdrd. Namentlich will ich noch an dieser Stelle 


meinen nachsten Mdthelfern bei der tiiglichen Arbeit, den Her- 
ren Dr. Olov Lindbcrg und Thor Lovgren, meinen aufrichtigen 
Dank darbringen, Alle haben mit ihren Erfahrungen auf ver- 
schiedenen Wissenschaftsgebieten dazu beigetragen, der ge- 
meinsmicn Arbeit im Forsclrangsinstilui die Atmosphare der 
Vielsoitiekeit zu verleihen, welche notwendig ist. damit die 
G:t ebieic einander begegnen .die kliniscta Ertjnmg 
dnrch Beruhnmg mit den schwer zuganghchen 
T)hvsiolo-ischen Chemie und Zellphysmlogie vertieft werde. 

' dngebenderen Stadium -^er.Augenve— g» 

in dem kliniscben Diabetesmaterial ist 

Dr. yniiunr EindWad brfli.flich Dr 

nervoser Symptome die Neurologen Dr. Torsten J 



IX 


Camnar Ahlbcrr/ sowie in bczug auf clcn kindlichcn Diabcles 
dcr Piidialer Dozcnl J. Henning Magnusson. 

Scbliesslicli gebiibrl Ilcrrn Clicfarzl Dozenl Erik Forsgren 
die Ebro, den 2-1-SUindenrliyllnnns ziiersl bei dor Glykogen- 
spcicbcrung bcobachlel iind dainil dem Slndiuin dor endogenon 
Rbylbniik dcs biologisclicn Kohlobydraluinsalzes cine fesle 
Enlerlagc gegebon zu liaben. 

Slockbobn, im Dczemljcr 1942. 

Jakob Mdllcrstrbm. 
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I. ABSCHNITT 

Eilileitende Bemerkungen zur allgemeiiien 
Patliogenese des Diabetes. 


Nachdem Thomas Willis 1674 bei gewissen Fallen von Po- 
Ijmrie einen siissen Geschmack des Hams festgestellt iind Dob- 
son und Cowley durch Eindickung des Urins Zucker erhalten 
batten, welclier, we spater von Home gezeigt wurde, sich als 
von Hefe vergiirbar erwies, begann sich ein Krankheitsbegriff 
inehr und nielii- lierauszukristallisieren, welcher von Rollo 1797 
als ^Diabetes mellitus*, Zuckerharnmllr, bezeichnet wurde. 
Man verstand unter ihm eine chronisch verlaufende Krankheit, 
deren vornehmstes Merknial die Zuckerausscheidung durch 
den Harn war. Daneben konnten eine Reihe klinische Symp- 
tome auftreten, Polyurie, Heisshunger, Trockenheit der Haul, 
Magenbeschwerden, Augenverandemngen, Affektionen des 
Herzens, der Nerven und des Gefassystems usw., samtlich mit 
einer langsam fortschreitenden Kachexie Hand in Hand gehend. 

Rollo ausserte 1798 die Ansicht, der Diabetes mellitus be- 
rube auf einer Magenerkrankung. Diese werde dadurch ver- 
ursacht, dass Vegetabilien mehr als es normalerweise der Fall 
ist in Zucker umgewandelt und im Harn ausgeschieden war- 
den. Einen Beleg fiir diese Anschauung fand Rollo in seiner 
diatetiscken Therapie, bei der eine strenge Fleischkost sowie 
Opiate zur Dampfung der Intensitat der Verdauungstatigkeit 
die Zuckerdiurese herabsetzten. Nicolas und Gueudeville be- 
zeichnelen 1803 die Zuckerkrankbeil als >Phlhisurie sucree®. 
Sie hielten den Zustand fiir auf einer Darmerkrankung mit ab- 
normer Bildung eines zuckerhaltigen Darminhalts beruhend, 
wodurch ein zuckerreicher und stickstoffarmer Chylus ent- 
stehe, der den Organismns nicht binreichend zu ernahren ver- 
mochle und dadurch zur Abmagerung fuhre. Eine reichliche 
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animalische Diiit wurde ah nolwendig evachiet, urn dem Slick- 
stoiimangel zu begegnen. 

Chevreuil {1815] wies nach, dass der Diabetikerurin Trau- 
benzucker oder Glykose enthalt, Diese ist eiix normales Pro- 
dukt beim Abbau der Starke im Laufe der Verdauung. Gmelin 
und Tiedemam fanden auch 1826, da^s das Blut normaler- 
weise Traubenzucker entbalt. Beim Diabetes stellte dm6ro- 
siani 1835 einen erhohten Traubenzuckergehalt des Blutes fest. 

Die Lehre von der abnormen Zuckerbildung im Darmkanal 
konnte daber nicht ricbtig sein, und die Tbeorie iiber eine en- 
terogene Ursacbe des Diabetes musste fallengelassen werden. 

Der erhbhte Zuckergehalt des Diabetikerblutes weckte sclion 
friih Anfmerksamkeit. Mialhe stellte 1839 die Tbeorie auf, 
dass eine berabgesetzte Alkaleszenz des Diabetikerblutes eine 
auf verminderter Glykolyse beruhende Anbaufung von Zucker 
im Blute verursacbe. Er ging von der Beobachtung aus, dass 
Traubenzucker bei Gegenwart von Alkab leicliter oxydiert wird 
und verscbwindet. Die geringere Alkaleszenz war nach Mialhe 
auf eine Exkretionsstorung mit Ansammlung von sauren Pro- 
dukten im. Bint zuriickzufiihren. Der sekundar angebaufte 
Zucker im Blut werde dann durch die Nieren ausgeschieden. 
Die Bebandiung sei nacb Mialhe in erster Linie so einzuricb- 
ten, dass der Alkalimangel kompensiert und dadurcb die Gly- 
kolyse gesteigert werde. Mialhe fiilirte als ei'ster Alkali in die 
Diabetestherapie ein. 


Die Entdeekung des Glykogens 

Eine neue Epoche der Diabetesforscbung wurde durch eine 
Reibe von Entdeckungen Claude Bernards einpleilet. Dieser 
hatte 1848 gemeinsam mit Barreswil nachgewiesen, dass die 
Leber, unabhangig von der Art der Nahrung, mehr Zucker ent- 
lialt als irgendein anderes Organ. Nur bei lange «nhaUcnder 
N^abrungskarenz wird die Leber nahezu zuckerfrei. Baumert 
Lind Frerichs konnten diese Entdeekung bestatigen. • mi» 
labre spater zeigte Claude Bernard, ds-ss der ‘ 

^ehalt im Blute aus der Vena hepatica vorlag, auc i 
’ortablut nur geringe Zitckermengen zu finden n aren. 
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Einc neuc Enldcckung machlc Claude Bernard 1855. Bei 
^'ersuchen an ’J'icien mil Durchlrcnming des Riickenmarks 
fand cr l)ei dor Obduklion Iasi zuckcrfrcjc Lebern. Wurden 
diese zuckerarmcn Lebern einigo Slnnden nnberubrl liegenge- 
lasscn, so war bisweilcn cin slcligcs Slcigcn des Zuckergehalts 
dersciben zu konstatieren. 

Claude Bernard selzle das Verscliwinden des Leberzuckers 
in Bezielning zum Sinken der Korpeiiemperatur nacli der 
Riickcnmarksdurcblrcnnung. Er wies nach, dass die poslmor- 
lale Zuckerbildimg in dor Leber dnreb Abkiihlung geliemmt 
wnrde, bei Erwiinnung aber wicdereinlrat. 

Alls seinen BeobacbUingen zog Claude Bernard den Scbluss, 
dass sich in dor Leber eine Vorslufc des Tranbenzuckers be- 
finden niiisse. Nadi einer Rcihc syslemalischer Untersudmn- 
gen konnte Claude Bernard im Miirz des .Tahres 1857 die Ent- 
deckung des Lcberglykogens odor der lierischen Starke ver- 
dffenllidicn und die Melhodc zur Reindarslellung dcsselben 
angeben. 

Bald nadi der Claude Ccr/inrdsdien Enldeckung des Leber- 
glykogens gelang cs Sanson, Glykogcn in der Muskelsubslanz 
nachzuweison. Spiiler isl Glykogen in den verschiedensten Ge- 
weben und Organen gefunden worden. 

Die grosse Verbreilung des Glykogens im Tierreich isl ein 
Himveis darauf, dass dasselbe cine fiir den Sloffwcchsel des 
lebenden Organismus aiisserordenllidi widitige Substanz dar- 
stellt. Die bier eingefiigle Zusammenstellung nach Sehondorff 
macht die Verteilung des Glykogens im Organismus so^Yie die 
Schw'ankungen desselben beim Hund ersiclitlich. 


Orjinn Glykojjcn In Prozcnl 

Tier 1 Tier 2 Tier 3 Tier 4 Tier 5 Tier G Tier 7 

Blul 0 , OO4G O,0015 — — 0,0001 — ~ 

Leber 4,354 7,002i 18,00 17,090 16,375 9,80 7,297 

Muskcl 0,7195 0,8778 2,5400 3,233 3,7217 2,520 0,7599 

Knoclicn .. . 0,183 0,3925 0,9903 1,3129 1 , 7C35 0,9729 0,2730 

Diinne 0 , O254 0,0753 1 , 4C74 1,5144 1,7102 1,01 0,2024 

Nelz 0,3755 0,1999 0,720 0,839 1,5974 0,9151 0,0859 

Herz 0,118 0,0995 0,6791 0,7153 1,2073 0,4939 0,231 

Gellirn 0,0435 0,2283 0 , 2CO 0,227 0,1904 0,254 0,1984 
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fte gimsen SchwankungM im Glykogenvorrat des Organis- 

™ dea Lie- 

all»’ M-™*' Nahrungsznfuhr 

dlTd^rrT' Jahre .1927 nachgewiesea, 

dass der Glykogengehalt der Leber grossen Veranderungen un- 

erworfen ist, abliangig von einem 24stundenperiodiscben 
Wechsel der Leberfunktion und ieihveise ohne Beziehung zur 
Nahrunpzufolir. Diese rhythmische Lebertatigkeit mil abwecb- 
selnd Bildung von Gallenbestandteilen und Speicherung von 
Glykogen ist ein. fiir die Menge des Leberglykogens mitbestim- 
inender Faktor. 


Die Kctonkorperbildung beim Diabetes 

Bei gewissen Fallen von Zuckerkrankheit nimmt die Aus- 
almungsluft einen eigentiimlichen, fruchtartigen Geruch an. 
Dieser Geruch beruht, wie Fetters 1857 fand, auf dem Vorkom- 
men von Azeton in der ansgeatmeten Luft. Gleichzeitig koinmt 
Azeton im Blut und Urin vor. Die Bildung des Azetons fiihrte 
Fetters auf cine abnorme Zuckergarung im Magen-Darmkanal 
zuriick. Cantani konnte indessen nacbweisen, dass der Magen- 
Darminhalt bei Azetonurie fast frei von Azeton war. Das Aze- 
lon konnte daher nicht im Darmkanal gebildet werden. Da- 
gegen zeigte Cantani 1877, dass Blut aus der V. hepatica rei- 
clier an Azeton war als solches aus der V. portae. Es war in- 
folgedessen wahrscheinlich, dass das Azeton in der Leber ent- 
steht 

Im Jalire 1865 stellte Gerhardt fest, dass azetonhaltiger Harn 
mit EisenchlorJd eine Farbreaktion gibt. Ebstein und Tollens 
(1881) konstatierten, dass die bei der Gerhardtschen Reaktion 
wirksame Substanz nur in saurer Losung extrahierbar ist und, 
mithin eine Saure sein muss. F. Jaksch (1881) und Deichmuller 
(1882) konnten die gesuohte Saure in Form ibres Kupfersalzes 
als Diazetsaure identifizieren. Diese zerfallt leicht in Azeton 
und Koblendioxyd. 

Die Farbreaktion mit Eisenchlorid wird von der Enolform 
der Diazetsaure verursacht. 



Hallervordens fand 1880, dass der Urin bei vielen Fallen von 
Zuckerharnrulir mil positive!* Eisencliloridreaktion Aminoniak 
in betrachtlich gesteigerter Menge enthielt, mehr als den da- 
mals bekannten organischen Sauren im Urin entsprach. Es 
musste daher eine bisher unbekannte Saure in entsprechender 
Menge vorbanden sein, welche das Ammoniak neutralisiert. 
Beim Suchen nach dieser Saure entdeckte Stadelmann 1883 
die Krotonsaure. Diese war jedoch nicht die gesuchte Saure, 
sondern ein Umwandlungsprodukt der /?-Oxybuttersaure, wel- 
che Minkowski und — unabhangig von diesem — Kiilz 1884 
in Urin mil hohem Ammoniakwert nachweisen konnten. Ausser 
bei gewissen Diabetesfornien tritt /S-Oxybuttersaure noch 
bei Fieber und zablreichen Infektionskrankheiten [Killz 1884), 
bei Darmstorungen mil heftigem Erbrechen und Inanition so- 
wie bei Skorbut {Minkowski 1885) und anderen krankhaften 
Zustanden auf. 

Azeton, Diazet- oder Azetessigsaure und /5-Oxybuttersaure 
stehen in enger Beziehung zueinander, Sie konnen ineinander 
umgewandelt werden, und man fasst sie daher nach Geelmuy- 
den als Azeton- Oder Ketonkorper zusammen. 

Normalerwelse kommen nur Spuren von Ketonkorpem im 
Blute vor, Azeton-Diazetsaure bis 0,15 mg%, /5-Oxybuttersaure 
bis 1,5 mg% (nach Engfeldt). Beim Diabetes kann der ^-Oxy- 
Imttersauregehalt des Blutes auf mehrere hundert mg% stei- 
gen. Die normale Aussclieidung von Ketonkorpem entsprichi 
10 — 20 mg im Urin und 20 — 89 mg in der Ausatmungsluft, als 
Azeton pro 24 Stunden berechnet. 

Ketonkorper treten daher auch beim normalen Stoffwechsel 
in geringen Mengen auf. Minkowski (1893) hielt sie fiir eine 
Zwischenstufe bei der Kohlehydratbildung aus Fett. Beim 
Phloridzindiabetes fand er namlich im Tierversuch eine ge- 
ringfiigige Steigemng der ZuckerausscJieidung, wenn Azeton- 
korper, Buttersaure oder Kapronsaure subkutan injiziert war- 
den. 

Die Bedeutung der Fette fiir die Ketonkorperbildung geht 
aus Arbeiten von Geelmuyden, Magnus-Levy, Landergren, 
Knoop, Embden u. a. bervor. Bei Kohlehydratmangel in der 
Nahrung verbrennt der Organismus sein eigenes Reservefett. 
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Ketonkorperbildung zu 
Dies macht sich besonders bei gewissen Diabetesformen mit her- 
abgesetzter Glykogenbildungsfahigkeit der Leber bemerkbar. 

Die Frage der Kelonkorperbildung wird im II., IV. and VL 
Abschnilt unter verschiedenen Gesichtspunkten erortert aer- 
den. 


Das Eiiigrcifcn dcs Ncrvcnsystems in den 
Zuckcrstoffwcclisel 


Mit der Entdcckung des Leberglykogens begann eine neue 
Ara der Diabelesfnrscbung. Im Jahre 1857 machte Claude 
Bernard noch eine fiir die Diabeleslehre grundlegende Ent- 
deckuhg; er stcllte den Einfhiss des Nervensystems auf den 
Kolileh 3 ''dratstoff\veclisel fest. 

Bei Versuchen an Kaninchen fand Claude Bernard, dass ein 
Stich in den Boden des vierien Ventrikels zwischen Acusticus- 
und Vaguskern eine starke Glykosurie und Polyurie zur Folgo 
haben konnte. 

Der Lokalisation des jiZuckerstichs« entspricht ein von 
Owsjannikow enldecktes vasomotorisches Zentrum. Von diesem 
Zenlrum in der Medulla oblongata aus verlaufen vasomoto- 
rische Balinen teils im N, vagus und teils als absteigende Fa- 
sern im Riickenmark. Die vasomotorischen Nerven der Leber 
finden wir einerseits im Vagus, andererseits verlassen diese das 
Ruckenmark in der Lumbalregion und ziehen durch die Nn. 
hepatici weiter. Vasomotorisclie Nervenfasern gelien auch vom 
oberen Thorakalmark aus, passieren den sympathischen Greiiz- 
Stfang und erscheinen dann in den Nn. splanclmici. Sie sam- 
meln sich zum Plexus coeliacus und begleiten die Art. hepatica 
zur Leber. Ein Reizzustand in diesem vasomotorischen Sy- 
stem kann einen Diabetes aiislosen. 

Das Auftreten von Gl 3 '^kosurie beim Zuckerstich hiingt nadi 
Cjfon und Aladov mit einer Gefasserweiterung und verander- 
ten Durchblutung der Leber zusammen. Man kann sich dalier 
vorstellen, dass eine Glykosurie auoh bei einer veranderten 
Durchblutung anderen Ursprungs zustande koramt, z. B. beim 
Versagen der Herzkraft. 
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Jc inel)r Glykogcn die Leber enlbiill, dcslo sUirkcr wird die 
durch don Ziickcrslich vcrursachlc Glykosurie. Bei hungern- 
deii Ticrcn mil wcnig Lebcrglj’kogcn hat dcr Zuckerslich luu' 
cine gcringc Wirkung. 

Schon Claude Bernard haltc dcmonslricrl,. dass dcr Effckl 
dcs Zuckorsliclis niisblcibl, wenn dcr N. splanchnicus major 
aiif beidcu Scilcn durchtrcnnl worden war. Cavnzzani konnlc 
ferner zeigen, das.s cine Rciznng von sowohl Nn. splanchnici 
als anch Plexus cocliacus cincu crhoblcn Zuckergcliall in dcr 
V. licpalica bcwirkl. Eckhard fand, dass mcchanische Reizung 
dcs crslcn 'riiorakalganglions cine Glykosurie verursachl, wcl- 
ebe vcrscbwindel, wenn das Ganglion enlfernl wird. 

Die Wirkung dcs Zuckcrsticlis bcslchl jcdoch anch dann wei- 
ter, wenn die Nn. vagi durchtrcnnl warden. 

Bcreils Claude Bernard konslalierle cine gcstcigcrlc Zuckcr- 
diurese bei Reizung dcs zcntralen Tcils cincs durchlrcnnten 
Vagus. 

Auch Reizung andcrer zcntripctal Icitender Nerven, z. B, des 
N. depressor, N. ischiadicus u. a., kann cine vermelirtc Zucker- 
bildung zur Folgc haben. Dies muss auf dem Wege iiber 
zcntxalc RcJlexbahncn slallfindcn, wobci zur Leber und ande- 
ren Organen ziehende sckrelorischc und vasomotorische Ner- 
venbahnen den Impuls vcrmitteln. 

Eckhard bcslaliglc 18G9, dass Vagusreizung einc Glykosurie 
hervorrufl. Nach Durchschneidung der Nn. vagi und Reizung 
des peripheren Vagusabschnills slelllen Leven und Butte eine 
Zunahme des Blulzuckcrs in dcr V. hcpalica fest. Dies liess 
sich auch an Iningcrndcn Ticrcn mil glykogenarmer Leber 
nachweisen. Die Vagusreizung sclieint dalicr unabhdngig vom 
Glijkogcngchalt dcr Leber eine vermelirtc Zuckerbildung in 
dcrsclben ausloscn zu konnen. Leven und Butte nahmen an, 
dass in dcr Niilie des Vaguszenlrums ein spezielles Zucker- 
zenlrum liegl, dessen Reizung cine von vasomoloi-ischen Ver- 
anderungen in dcr Leber unbccinflussbarc Zuckerausscheidung 
bewirkl. Sic fiihrlcn dicse Zuckerausscheidung auf eine ge- 
sleigerle Zuclccrbildung aus Eiweiss zuriick, da die Slickstoff- 
ausscheidung gleichlaufend mit der Zuckerausscheidung bei 
Vagusreizung zunahm. 
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Frederique und Nuel beobachteten von Anderungen der Zir- 
kulationsverhaltnisse in der Leber unabhangige Sdiwankungen 
des Glykogengehalts derselben. Sie nahmen daher eine direkte 
Beteiligung des Nervensystems bei der Glykogenbildung an. 
Gurber wies an Kanincben nach, dass die Leber wahrend des 
Winters eine Glykogenmenge enthielt, die bis dreimal so gross 
war wie im Sommer, und zwar trotz einheitlicher Fiitterung; 
er bielt dies fur den Ausdruck eines nervos gesteuerlen An- 
passungsmecbanismus. 

Gewisse Diabetesformen fasste Paschutin ak das Resultat 
einer diabetischen, von trophischen nervosen Storungen.ver- 
ursachten Gewebs- und Organdegeneration auf. Einer ge- 
sleigerte Ausscheidung von sowohl Hamstoff wie Zucker kann 
ein vermehrler Ehveisszerfall zugrunde liegen. Paschutin 
macht auf die grundsatzliche Gbereinstimmung dieser Dia- 
belesform mit der Fettsucht aufmerksam. Im ersten Falle 
entsteht bei dem abnormen Eiweissabbau Glykose als slick- 
slofffreies Produkt, im letzteren Neutralfett, welches infolge 
seiner Unloslichkeit in Zellen und Geweben abgelagert wird. 


Kohlchydratstoffweelisol und innere Sekretion 

Der Einfluss des Nervensystems auf den Zuckerstoffwechsel 
steht in enger Beziehung zur Funktion der Einsonderungs- 
driisen. 

Wenn die Nn. splanchnici gereizt werden entsteht eine 
Hyperglykamie. Christie, Macleod und Pearce (1911) haben 
gefunden, dass diese Hyperglykamie nach Exstirpation der 
Nebennieren ausbieibt. 

Blum hatte schon 1901 festgestellt, dass eine Einspritzung 
von Nebennierenextrakt eine starke Blutzuckersteigeiung und 
Glykbsurie hervorrief. Die dabei wirksame Subslanz, das A*e- 
iialin, ist das zuerst rein dargestellte und seiner Konstitution 
nach bestimmte Hormon. Das Adrenalin mobilisiert haupt- 
sachlidi das Muskelglykogen und bewirkt dadurch eine hoc 
gradige Blutzuckerzunahme (vgl. S. 43). ^ ^ 

Stewart und Rogoff zeigten, dass der Zuckerstich beim ka- 
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ninchen auch nach Enlfernung jcglichen Nebennicrcngewebes 
cine Hyperglykiimie verursacht. Zuckerstich und Splanchni- 
cusrcizung sind infolgedcsseii im Hinblick auf Hire hijperglgk- 
amisicrende Wirkiing nicht gleichwertig. Der Zuckerslicli losl 
im Gegensatz zur Splanchnicusreizung auch nach Nebennie- 
rcnexslirpalion cine Hyperglykamie aus. 

'hlnclcod und Pearce haben beobachlet, dass, wenn die zur 
Leber fiibrenden Nervenbahnen unlcrbroohen werden, die 
Nebennieren und ihre Nen'envei'bindungen aber unversehrl 
sind, auch die hyperglykamisierende Wirkung der Splanchni- 
cusreizung ausbleibt. Es ist daher nicht die vermehrte Adre- 
nalinbildung als solche, wclche bci dcr Splanchnicusreizung 
die Hyperglykiimie verursacht, sondern der Effekt wird von 
Nervenbalmcn der Leber vermitlelt. Macleod und Pearce neh- 
men an, dass dcr Glykogenabbau unter nervoser Kontrolle 
sleht und von dcr Nebennierenfunktion und Adrenalinbildung 
abhiingig ist. Nacli Macleod stcigert das Adrenalin den Tonus 
des sympatlnschcn Nervcnsij stems, und es kommt zu einer 
Weehselwirkung zwischen dem Nervensystem und der endo- 
krinen Funktion der Nebennieren bei der Begelung des Zuk- 
kerstoffwechsels. Diese Frage wird im VI. Abschnitt weilerhin 
behandelt werden. 

Es war bereits Bouchardat (1851) aufgefallen, dass bei Dia- 
betes oft Veranderungen im Pankreas vorhanden waren. Dies 
wurde von vielen Autoren bestatigt. 

Klebs versuchte 1864, im Tierversuch durch Pankreasexstir- 
pation Diabetes hervorzurufen, erhielt aber keine sicheren 
Resultate. Mering und Minkowski konnten dagegen 1889 bei 
Versuchen an Hunden nachweisen, dass nach Entfernung der 
Bauchspeidieldriise ein schwerer Diabetes mit Glykosurie, Po- 
lyurie, rasclier Abmagerung und Tod im Koma auftrat. 

Hedon und Minkowski (1892) zeigten, dass sich der Diabe- 
tes verhindern liess, wenn ein unterbundenes Pankreas bei 
dem operierten Hund subkutan implantiert wurde. Die Genese 
dieses Diabetes konnte daher keinen Zusammenhang mit der 
iiusseren Sekretion der Bauchspeidieldriise haben. Da ferner 
die subkutan implantierte Driise vollig ohne Nervenverbin- 
dungen war, konnten auch keinerlei Nervenimpulse von die- 
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'iio d'lss (las P■,, • r'' "■"■ 

Ic-Lli 'Jl • v"" "-irkcMlc Siibslanz. anl- 

all, (VfIrKjias /nslnridakomincn des Diabclcs vcrhindcil 

x,,„a«c (,S93) nahn, a„, dass dicse xvirksa,no Subslaril' 
' tai von iMnucrhnm ISIS'.) cnldccklcn Zcllhiseln gebildcl vviri. 
Jic,sc waron hci Diabetes oft alropbisch and in geringercr 
Anzahl vorbandon. 

Svluthf (lUnn) and Ssohnlnv fanden, dass das sekrelcrzeu- 
gende PaakreasgewelK; nach Unlerbindang des Daclas pan- 
tTordicus alrojdiisch wurde, dass aber die Langerhansschen 
Inseln bierbei anveiftaderl blicbcn. Es cnlslaad da aach kein 
Diabetes, woraus sich ergab, dass die wirksanic Sabslanz sicli 
in diesiMi Zelliaseln bcfinden mass. 

Doreifs 1008 war dcr schwcdisclie Forschcr Paul Sjdquisl 
aaf den (iedankon gckonimcn, aas dcr Dnacbspcicheldriise die 


den Diabetes verbindernde Sabslanz za isoHeren. In demselben 
.labre gelang es Zuelzer, aas dcin Pankreas cin Kriimpfe aus- 
iusendes Praparat lait sonst anbckannlcn Wirkangen darzu- 
slcllcn. Za dieser Zeil gab cs kcinc braachbaren Methoden far 
die Beobacblang der Scliwankangcn des Blalzuckerspiegels. 
Pnnkreaspr.aparale mil blatzackcrscnkcnder Wirkang haben 
spfder.SVo// (1012), Lesser (1014) and Poidcsco (1921) erhalten. 
Dcr Ictzlerc sehlag don Kamen Pankrcln fiir das wirksame Hor- 


mon vor, (ileiclr/eilig luul anabhaagig hiervon batten Ban- 
ting ajul Best (1021) aas anlcrbandeneu Baacbspeicbeldriisen 
ein l)ei Diabetes wirksames Honaon dargestcllt, welches sie 


nach Schafer (1010) als Insulin bczcichneten. 

Spritzl man bci Paakreasdiabetes Insalin sabkalan ein, so 
beginnt der Blalzackcrgchnlt za sinken, die Polyarie and Ke- 
lonuric sowic sonslige Diabclcssymptomc verschwinden. Das 
Insalin greifl mitbin stark in die pankreasdiabelische Stoff- 
xvecbsclstdrnng ein. Die Bhitznckcrscnkang erfolgt auch an- 
tcr normnlen Vcrlialtnisscn, bci Abwesenheit pankreasdiabc- 
tisclicr Ersclieinungen. Hicrdarch ist die Moghchkeit gege- 
ben, Insulinpraparatc za standardisicren, 

Nicbl nur die Baachspciclicldriise, sondern aach «er Zwol - 
fingerdann ist von Bedcalung fiir den Kohlch}diatslo neci 
scl. De Renzi and Reale. batten bereits 1890 bei Versachen an 
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Hundeu nachgewiesen, dass eine Glykosurie entstehen konnte, 
■\venn das Duodenum entfernt, das Pankreas aber zuruckge- 
lassen wurde. Audi Pfluger (1908) beobaditete Glykosurie 
nadi Exslirpation des Duodenum und fand, dass diese Gly- 
kosurie oft einen periodisohen Verlauf mit zuckerfreien Ta- 
gen aufwies. 

Der duodeno-pankreatische Einfluss auf den Zuckerstoff- 
wecbsel wird im VI. Abschnitt des nalieren besprodien wei'den. 

Neben der Baudispeicheldriise sind nocli andere innersekre- 
toriscbe Organe von Bedeutung fiir den Kohlebydratstoff- 
^vechsel. Ein Organ, welches liierbei eine zentrale Rolle spielt, 
ist die Hypophyse. 

Nadidem Pierre Marie (1886) bei Akromegalie regelmassig 
eine Hyperplasie oder Adenombildung im vorderen Hypophy- 
senlappen beobachtet balte, madite Borchard (1908) darauf 
aufmerksam, dass die Akromegalie oft von einem Diabetes be- 
gleitet wird. Er versudite auch, dodi obne Erfolg, Diabetes 
durch Injektion von hauptsacblidi aus dem Hinterlappen her- 
gestelltem Hypophysenextrakt hervorzurufen. Ahnliche Ver- 
suche mit negativem Ergebnis wurden 1911 von Cushing, 
Goetsch und Jacobsohn angestellt. Es gelang dagegen John, 
O’Mulveny, Potts und Laughton (1927), nach Injektion eines 
Extrakts aus gefrorenen Hji-pophysenvorderlappen bei Hunden 
einen transitorischen Diabetes nachzuweisen. 

Weitere Untersuchungen liaben ersichtlioh gemacht, dass die 
Hypophj^se auf mannigfache Art in den Intermediarstoffwech- 
sel eingreift. Houssay (1929) beobaditete, dass ein nach Pan- 
kreasexstirpation entstandener Diabetes verscbwand, wenn die 
Hypophyse entfernt wurde. Wurde ein Hypophysenvorder- 
lappen bei dem Versuchstier implantiert, oder wurde ein Ex- 
trakt aus Hypophysenvorderlappen eingespritzt, so trat von 
neueni ein Diabetes auf, evtl. in schwererer Form, mit Glykos- 
urie und Ketonkorperaussdieidung. Audi die Insulinempfind- 
lichkeit war da gesteigert. Der Vorderlappen der Hypophyse 
muss daher in den Kohlehydratstoffwechsel und in die Blut- 
zuckerregulation eingreifen. Die Wirkung desselben ist indes- 
sen keine einfadie, sondern es handelt sicli um eine komplexe 
Reaktion mit Beteiligung mehrerer Hj'pophysenhormone, Ein 
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Tci! ciieser Hormone greift direkt in den Intennediiirstoffwech- 
sel em und regelt u. a, die Zuckerbildung aus Eiweiss und Fett, 
andere beeinflussen die Glykogenbildung and den Zerfall des 
Glykogens. Neben diesen Stoffwechselregulatoren ^bt es noch 
eine andere Gruppe von Hypophysenhormonen, die adenotro- 
pen, welche sicb niclit direkt am Stoffwechsel beteiligen, da- 
gegen aber die Hormonerzeugung anderer innersekretorischer 
Driisen stimulieren Oder hemmen und dadurdh den Interme- 
diarsfoffwechsel beeinflussen. 

Young (1937) hat gezeigt, dass Injektionen von Vorderlap- 
pcnexlrakt bei Hunden einen Dauerdiabetes hervorrufen kon- 
i\en (Abb. 1). Richardson und Youngr (1938) fanden, dass die 
Zellinsein im Pankreas bei diesen diabetischen Hunden veran- 
dcrl warden, die Zellen derselben entarteten, und die Inseln 
wiesen nach einer gewissen Zeit eine hyaline Umwandlung auf. 

Das diabetesauslosende Hypophysenhormon, welches ener- 
gisch in den Kohlehydratstoffwechsel eingreift, ist nach Bom- 



Abb. i. Erzeugung ei'nes Dauerdiabetes durch M^nge^von frischem 

lerlappenexlrakt. Die Zafalen JJjctberStmg benuUt wurde. Tagliche 

/orderlappen in Oramm an, die zur ExtraM e & Vnana) 

Iniektionen bis zum 21. Tag (nach Young;. 





II. abschnitt 


Glykogenbildung und Fettstoffweclisel. 


Das Glykogen spielt im lierisdicn und menscldichen Organis- 
mus beim KohlehydraUiaushalt der lebenden ZeUen eine aus- 
schlaggebendc Rolle. Es sind daher schon friili zalilreicbe Un- 
tersuchiingen iiber das Vorkommen des Glykogens angestellt 
Worden. 

Claude Bernard hielt die Leber fiir ein Depotorgan, in wel- 
cbem Nabrung, die der Korper niobt unmittelbar auszuniitzen 
gezwungen war, in Form von Glykogen gespeichert wird. In 
den erslen Jabrzebnten nach der Entdeckung des Glykogens 
war desbalb die Aufmerksamkeit in bobem Masse auf die Be- 
deutiing der Nabmng fiir die Glykogenbildung geriohtet, Viele 
Unlersudiungen wurden vorgenommen, um zur Klaibeit iiber 
diesc Frage zu gelangen. 


Glykogenbildung ans NahrungsstolFen 

Glykogen und Kohlcliydratnahrung 

Pavy fulterle Hunde leils mil eiweissreicber, animalischcr 
und tells mit' kohlebydratreidier, vegetabilisdier Kost. Bei 11 
Tieren mit Eiweissfutter sdiwankte das Verbaltnis Leberge- 
widit : Korpergewidit zwisdien 1 : 33 und 1 : 30. Die Lebern 
eiiMiielten bei diesen Tieren im Miltel 7,19 % Glykogen. Wur 
den die Tiere dagegen mit koblehydratreidier Kost gefiittert, 
so betrug die entsprediende Verhaltniszahl 1 : 15 bis 1 . 10, un 
die Lebern enthielten bn Mittel 17,23 % Glykogen. 

Diese Untersuchungen zeigen eindeutig, dass kohlehydrai 
reiclie Nahrung die intensiuste Glykogenbildung bewirkt. 
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Das Material zur Bildung des Leberglykogens wird dem Or- 
ganismus direkl odcr indirekl mil der Nahrung zugcfiibrt. 

Polimauli lial an Ilunden nachgewicsen, dass nach Fulterung 
mil kolileliydralreiclicr Kosl das Blul der V. porlae reiclier an 
Glykogen isl als das der V. cava. Polimanli fand 

in der Y. portae 96,76 mg Glykogen, 

> > V. carotis 58,21 » > 

> > V. cava abdominal. 34,25 » s in 100 com Blul. 

Dies deutcl darauf bin, dass die Glykogcnbildung sclion in 
der Darmwandung crfolgcn kann, dass aber die Spcicherung 
in der Leber slaltfindcl. Arnold, Lang u. a. baben aucb ge- 
zcigl, dass das Epitbcl der Darmscbleimbaul Glykogen in ge- 
ringer Mcngc cntbiilt. Bci der Koblebydratrcsorplion wird aus 
der Dannscbleimbaul cin zncker- nnd glykogenrcicbes Blul 
ablransporlicrt, nnd die wcsenllicbe Glj-kogcnspcicberung gelil 
dann in der Leber witbrend der assimilaloriscbcn Taligkeits- 
pbasc dcrsclbcn vor sicb, 

Claude Bernard baltc bcrcils beobacblel, dass inlravcnos ein- 
gcsprilzlcr Robrzucker rcsllos im Urin ausgcscbicdcn wurde. 
Sacebarose kann milbin nicbl direkl im Organismus umgesetzt 
Oder als Glykogen gcspcicberl werden. Ebenso verballen sicb 
vielc andorc Zuckcrarlcn: Galaklosc, Laklose, Maltose, Pento- 
sen usw. Nur Glykosc imd Lacvulose lassen sicb obne veiteres 
zur Glykogcnbildung des Korpers verwerlen. Diese Zuckerarlen 
^verdcn daber unlcr- normalcn Vcrballnisscn bci parcnleraler 
Zufubr in miissiger Mengc nicbl ausgesebieden. 

Polysaccbaridc konnen nur insofern, als sie durcb die Ver- 
dauungslatigkeit in Glykosc Oder Lacvulose ubergefiibrl wer- 
don, direkl an dcr Glykogcnbildung Icilnebmen. 

Der Glj'kogengeball der Leber scbwankt aucb bci reicblicber 
Koblcbydralzufubr innerbalb ■sveilcr Grenzen. 

KiVz fuUerle Tauben 6 Tage lang mil reicblicben Mengen 
Weizen und Brot. Die Tiere wurden gelolet, wiibrend die Ver- 
dauung im Ganigc war, und die Lebern unverzuglicb auf ibren 
Glykogengeball unlersucbl. Trolz des einbeillicben Tiermale- 
rials und idcnliscber Fullcrungsbedingungen fand Kiilz 1891, 
dass das Leberglykogen der Tiere zwiseben 0,91 und 8,89 % 
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echselte. Zahlreiohe Autoren haben ahnliohe Beobachtungen 
er den schwankenden Glykogengehalt der Leber gemafht 
Man muss daher die grossle Vorsicht walten lassen, wenn es 
sicli daruni handelt, aus Fiitterungsversuchen Schliisse zu zie- 
ben. Bevor man iiberhaupt irgend etwas schliessen kann, muss 
man wissen, irinerhalb welcher Grenzen der Glykogengehalt 
der Leber normaler\Yeise variiert, und welchen Gesetzen diese 
Variationen folgen. 


Glykogcn und Eiweissnalirung 

Die Frage, ob aus Eiweiss Glykogen entstehen kann, hat den 
Gegensland vieler Untersuchungen gebildet. Fine grdsse Feh-, 
lerquelle bei alien Fiitterungsversuchen mit tierischem Eiweiss 
ist das Vorkommen von Kohlehydraten in Muskulatur und Ge- 
■vveben, enhveder in Form von Glykogen, Oder als Glykoproteide. 

y. Mering nalim Fiitterungsversuche an Hunden vor, welche 
er 21 Tage hungern Hess, worauf sie 4 Tage lang reichlich gut 
ausgewasclienes Ochsenfibrin zu fressen bekamen. Als dann die 
Leberglykogenmenge nach Totung der Tiere bestimmt wurde, 
betrug diese bei dem mit Eiweiss gefiitterten Tier 16,8 g und 
0,48 g bei dem bungernden Kontrolltier. Dieser Versuch be- 
weist jedoch nicbts iiber Leberglykogenbildung aus zugefiihr- 
tern Eiweiss. Pfliiger fund namlich bei abnlichen Hungerver- ■ 
sucben an Hunden noch nach 28tagiger Nahrungsentziehung 
erliebliche Variationen im Glykogengehalt der Leber und in 
einem Fall sogar 22,5 g Glykogen, obne dass irgendwelche Nah- 
rung zugefiihrt worden war! Das Gewioht des Versucfetiers 
war dabei von 44 auf 33 kg gesunken. Eine kritisohe her 
priifung vorangehender Versuche und eigene Arbeiten fuhrten 
PflugcT zu der Ansicht, die Futterung mit Eiweks bewirke bei 
Abwesenheit von Kohlehydraten keine sichere Bildung von e 
berglykogen bei normalen Tieren. Bei Kohleliydratmangel muss 
daher nach Pfluger der Glykogenvorrat des Tierorganismus aus 
Fett erganzt werden, entweder aus Fett in der Nahrung, o er 
aus Fettdepots. 

Audi beim schwersten Hunger konnen die Fettdepots nici , 
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viillig gelecrl wcrden. Samhueycr iind auch PfUigcr habcn 
nachgewic-sea, dass die Muskulalur bei pankreasloscn Hiindcn 
bis 2,C '/o Fell enlliallcii kann, ^Ycnn aucb die Tiere bis fast zu 
Gcrippen abgcmagcrl waren, Bei iiormalcn Tiercn in bocligra- 
digem Inanilionszusland kann die Muskulalur erbeblicbe, 
/wi.scben 0,8 und 0,1 /o scinvankende Fellnicngcn enlballen. 

lin Gegensalz znr inangelnden Glykogcnspeicbeniug der Nor- 
inallicrc bei I'/nvcisszufubr slebl die venncbrlc Zuckcraussebei- 
dung, ^Yonn bei sclnvcreni Dialjcles koblobydralfreie Eiweiss- 
nabrung zugcfiibrl wird. 

Lnthjc. beobac'blele einen pankroasdiabeliscbon Hund, wol- 
elK'r .'1 Wocliou iang mil koldeliydralfreicm Eiweiss gefiillcrl 
nurde. Wiibrend dicser Zeit wiirdon 117G g Zucker im Urin 
ausgesebieden. Der Gosainlvorral an Glykogen bei diesem TTund 
wunle beim Beginn dcs Versuebs auf 202 g, 257 g Zucker ent- 
.'jl)recbend, Ijorccbnol. Einen Bclog fiir die Annabmc, dass 
Zucker aus Eiweiss gebildel wurdc, fand Luthjc in cincm kon- 
slanlon Verbiillnis zwiseben den ausgesebiedonen Mengen Gly- 
kose und Slicksloff. 

Txclunmcn (191-1) bal gozcigl, dass die Ecber l)ei Ballen, 
wclcbc mil Pcplon gcfullcrl worden waren, prakliscli gly- 
kogonfrei isl. Die Glykogcnbildimg ))ei glcicbzeiliger Peplon- 
und Koblebydralzufubr isl da cbenfalLs belriicbllicb berabge- 
selzl, was auf eine vSldrung in der Tiiligkeil der Leberzellen 
bindeulel. 

Es isl also sebwer, sicb an Hand von Fiillerungsvcrsucbcn 
cin klarcs Bild von der Bedeulung des Eiwcisscs als Glykogen- 
(juelle zu inacben. 

Embden und seine Milarbeiler baben durcb Leberperfusions- 
versuebc nacbgcwicsen, dass gewisse Aminosauren, namentlicb 
Alanin, Asparagin, Zyslin und Glykokoll, in Glykose umgewan- 
dell wcrden kbnnen. FiiUerung mil dicsen Aminosauren bal 
aucb bei pankreasdiabeliscbeji Hunden eine gesleigerle Zucker- 
aussebeidung zur Folgc. Die folgende Tabelle S. 18 nacb Emh- 
den und Scdomoii in verkiirzler Form macbl das Resullat eines 
derarligen Fiillcrimgsversucbs ersicbllicb. 

Diese Unlersucbungen niacben wabrscbeinlicb, dass das Ei- 
weiss nacb Abbau desselben leilweise direkt in Kobleliydrale 

3 
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Zuckerausschcidung 

Verfiilterte Substanz 

am Tage vor dem 
FUtlerungsversuch 

am Versuchs- 
tage 

am Tage nach d. 
Fulterungsvets. 

Alnnin 

16,00 g 

6,2 » 

29 , 3 ' g 

19,3 g 

» , 

19,5 * 

3,6 > 


2,50 » 

18,9 » 

6,2 J 

Acnarapin . 

1,7 » 

8,48 s 

2,45 » 

rirlvbnEnll 

1,70 » 

10,05 s 

2,45 » 


2,45 » 

5,26 » 

7,0 » 

» 

2,45 v> 

7,9 » 

3,0 > 


(nach Embden und Salomon) 


iimgewandelt werden kaiin. Gewisse Aminosaiircn sind JAicte- 
bildend. andere nichl. Zu den glyltoplastischen Ami,mmm 
redinet man: GlykokoU, Alanin, AminobuUersanre Argmm. 
Ornithin, Zystin, Asparaginsaure, Glulaminsanre iind 1 is J • 
Sind diese Aminosauren im Eiweiss enthallen, so muss 
ill entsprechendem Grade Glykogen Widen konncn 
Richardson hat durch 
Kmgerscher Losung die Wirknng von 

dukL desselben ’in bezug aut die Gly togentoldnng W ^ 
der Schildfcrolenleber untersucht. Er f""'*’ ™ ^ ,5„ 

Ivasein die Glykogenbildung G. 

von hydrolysiertem “Vanin, iiben bei gleid.' 

wisse Aminosauren, z. B. y „ , , , j^einen Einflius 

zeitigem Vorhandensein von beispicls^vcisc 

auf die Glykogenbildung aus, hcnimend. 

die Glutaminsaure, wirken na ' bei Fiitte- 

Es ist bemerkenswert, dass ® enlsprecliendem Gra- 

rungsversuchen an obglcld. Ei- 

de zu einer Zunahme des %^ckerdiuresc bcwirld- 

weiss bei Oiabelestieren eine g“toee Xacherlnklml 

Uieser Sachverhalt „ einer Gl„mr,r 

im Organismus mcht noUoe ® ^ Zucl;erbiUliii".l 

speicherung in der I-‘‘>^^f^’'iZTriLge,vissenUms» 

Ld Gigkogensgnmese s.nd, “f " 

den, zivei voneinander gelrennte Piozesse. 
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GIykot|on iind FeUnalmiiui 

Von den lieiden Komponenlen dcs NciilralfclLs isl das Glyzc- 
rin /.weifcllos cine Glykogcnquelle: Weiss halle sclion 187:\ 
nachgewicsen, dass die Leber bei Iliibnern, welcbc mil Glyzerin 
gel'iitlerl worden waren, bis 36inal so vicl Glykogen enUiallen 
konnle wie die Lcbern der Konlrolllierc. Lucltsingcr fand das- 
selbc VerJiallnis bei Kaninchen. In dem diabelischen Organis- 
mns gehl das Glyzerin in Glykose iiber, was zuersl von Cremer 
1002 ])eim PIdoridzindiabeles und von Luihje 1004 l)eim Dia- 
betes pankreasloScr ITundc demonslrieii worden war. Da die 
Glyzerinkoinponcnle ungelTdir Vio dcs Neulralfellniolekiils aus- 
macbl, kann dicser Teil dcs Felts obne weileres in Glykose iim- 
gcwandelt worden. 

Die Fellsaurcn kiinnen niebt in cnlsprecbcndcin Grade dirckt 
in Zucker vcrwandell werden und Glykogen bilden. Die Ziifubr 
von Fellsaurcn bcwirkl daher beiin Diabetes keine sicbere Zu- 
nabme der Zuckcransschcidung. 

Indirekl konnen’dagegen unler normalcn Verballnisscn Felt- 
siiuren in Glykogen nbergeben, nnd diese Umwandlung findcl 
nioglicberwelse auf dem Wege iiber cine inlermcdiare Kelon- 
korperbildung slall. Da indcssen iiber Glykogenbildung ans 
Fellsiiuren nicliLs Niihercs bekannl Lst, wird der Fcllsiinreum- 
salz im Zusammenbang mil dcr Kelonkorperbildung (S. 36) be- 
bandell werden. 

Die Znckcrbildung ans Fell biingl wabrsrJicinlich mil dem 
LipoidsloffwechscI zusammen (vgl. S. 31). 

Dio rliyllimisclie Funklipii tier Lclier 

Die bei I'iUlcrungsversucbcn bcobacblelen Sebwankungen 
im Glykogcngeball der Leber lassen sicb nicbl duroli Variatio- 
nen der Nabrungszufubr Oder iinsscrer Umsliinde erkliircn. Sic 
waren daber lange ein Riilsel. Erst im Jahre 1027 bewies Erik 
Forsciren, dass diese Sebwankungen dcs Glykogengeballs der 
Leber aiif einer 24slundenperiodiscb wecbselnden Leberliilig- 
keit beruben, welcbe lellweise von der zugefiibrlen Nahrung 
nnabbiingig isl. 
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Ziim pudium der Gallenkapillaren hatte Forsgren 1919 eine 
Iiistologisdi spezifische Gallenfarbungsmethode ausgearbeitel 
Diese griindet sich darauf, dass gewisse Gallenbestandteile mit 
Bariumchlorid unlosliche Ve’rbindungen bilden. Die ausgefallle 
Galle kanii dann nacli Mallgnj gefarbt werden, wodurch die 
Gallenkapillaren sicli bis in ilirc feinsten Verzweigungen verfol- 
gen lassen. Forsgren fand an in dieser Weise behandelten Prii- 
paraten, dass die Leber, wenn sie reichlich Glykogen enthielt, 
arm an. Gallenbeslandteilen war und vice versa (Abb. 5, S. 25). 
liier liegeii offenbar zwei alternierende Prozesse vor, Glykogen- 
.speicliernng und Gallenbildiing, welchen zwei getrennte Phasen 
der Tatigkeit des Leberparenchyms enlsprechen; die assimila- 
lorische und die dissimilatorisclie. Forsgren fand zwei Glyko- 
genmaxima, uni 2 Uihr bzw. um 16 Uhr. Zwisclien diesen lag 
je ein Minimum, uni 10 Uhr und um 18 Uhr. Die frither bei 
Fiitlerungsversuchen konstatierlen Sciiwankiingen des Glyko- 
gengehalts erliaJten durch diesen funktionellen Leberrhytbnnis 
ihre natiirliolie Erklarung. 

Die Gallenbildung erfoigt abwechselnd mit der Glykogen- 
speicherung. Hierdurch bekonimt auch die Gallensekretion 
einen 24stundenperiodischen Verlauf, der teilweise von der 
Nahrungsaufnahme unabhangig ist. 

Die periodische Gallenbildung war bereits 1889 yon Cope- 
mann und Winston nacbgewiesen werden, deren Befunde u. a. 
von Dastre 1890 und Pfaff und Balch 1897 bestatigt warden. 

In Abb. 2 wird eine Gallensekretionskurve nach Pfaff und 
Balch wiedergegeben. 

Josephson und Larsson (1934) bestimniten die Gallensauren- 



Abb. 2. Entleerung von Galle aus einer S 

rierten 38jfihrigen Frau. Die Pfeiie geben die Mablzeite 

und Balch), 
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iiKMige I)ei cincin Palienloii mil Gallcnfislcl und fandcn, dass 
die Gallcnsiiuren iiu j'l'osscn ganzcn deii ‘21.slundcnrhyllimt- 
-schcn Varialioncn dcr Gallcnmciigc folglen. 

Rosier, Sharpiro und Lcincr (1930) regislricrlcn 10 'I'agt' 
laiig die Gallennicnge l)ci cincm Paticnleii mil Gailcnfislel. Sie 
konslalicrlcn cinen markanlcn 2-lSlundcnrliylhnius mil deul- 
liclicii, um chva 9 mid 21 Uhr slalisliscli gesiclicrien Gallon- 
maxima. Es wurde ferner fcslgcslelll, da.ss die gallcnsekicln- 
risclie Tiiligkeil der Leber keine .siclicrc Sleigcrnng infolge von 
Nahrungsziifulir erkennen Hess. 

Forsprens Enldeckimg dcr 2-lslimdcnrhyllimisclicn Taligkeil 
dor Lchor isl von zalilrcichcn Unlcr.snchcrn bcsliiligl wordon. 
lljalmar Holmgren (1936) nnd IJohmjoisl (1931) verwen- 
delcn aks A'er.snclKsliore Ralfcn, Agren, Wilniuler nnd Jorpes 
(1931), Holmgren (1931) Manse. U. v. Imlc.r nnd Holmgnist, 
Sjogren, Nordenslcjohl, Holmgren nnd iMdllerslrom ballon ^vio 
i-'orsgren Kanincbcn als Vcr-sncbslioro, Pelren (1939) Moer- 
sobweinebon. 

Dcr Zeilpnnkl dcr dio.sbezuglicben Maxima nnd Minima 
Moclisell bci den vcr.scbicdoncu Ticrarlen, nnd das Naelilmaxi- 
mum i.sl in gewissen Fiillcn nnsicber. Samllicbc Unlcrsncher 
baben einc rolalive Unabhangigkcil von der Nabrnngsanf- 
nabme gofnndcn. 

Audi Higgins, Berkson nnd Flock (1932) liabcn an Rallen 
21slimdcnrbylhmiscbe Varialioncn im Glykogen-, Wasser-, 
Protein- nnd Fcllgobalt dcr Leber nacbgewicsen. Diesc Anlo- 
ron wollen jedocb dicsen Rbytbmns auf alimenlarc Einfliissc 
znriickfiibrcn. 'I'rolz ciner irrefiibrcndcn Versndisanordnnng 
gebl ans den eigenen Vcrsncbsresnllalcn dersdben dcnllicb 
bervor, dass die Nabrimgsanfnalimc allcin nicbl fiir die Glyko- 
genmenge boi ibren Vorsneben beslimmend war, sondern dass 
aucb cndogenc Fakloren im Spidc Avaren. 

Die normalcn Varialioncn des Gl 3 'kogen.sgebalLs dcr Leber 
goben mil Schwankniigcn dcr Wcilc dcr Lcbcrkapillarcn Hand 
in Hand. Holmgren, Engstrom und Wohlfarl (1930) liaben 
gezeigt, dass die Blnlkapillarcn dcr Leber wabrend des glyko- 
genarmen Sladinms l)is fiinfmal .so vid Bint cntballcn konnen 
Avic im glj’kogenrcicbcn Assimilalionssladinm. Es isl cine nn- 



lo^lo jTiigc. ol. cs sicli urn dll priniiir vasomolorischcs PI, 5 . 
iKinicn mil zoiilraliiii Ncrvciiim|)ulscn Ji.-mdell, wclchte liiu 
:iHorniereiu!o Glykogcnspeiclierttng und GallenbiWung dcr nor- 
jn;ilcn rliyllnnischcn Lebcrfunklion rcgelt, ocler ob cs irgcndein 
mulerer den Iin])u!s gcbtnuler Faklor isl, dcr ])ei dcr Glyko^eu- 
^ynllic.se •svirksnin isl. " 


.Sjogren, Nordcnskiohl, Holmgren \ihd MoUeTstrom (1938), 
vvclcbc ill Versueben jui Kanincbcn die Fom/rcaschen Bcfimde 
boslaligen koiinlon, lialien wic diescr gefunden, dass das Lcber- 
glykogcn des ivaniuGliens bel Nalirungszufuhr in 24 SUmden 
mil zwei Maxima variierl (Abb. ,3). Das ersle Maximum trill 
■am .Morgtm, chva um 5 Ubr, auf, das zwcilc am Nacbmillag, 
migcfalir um G Ulir. Die GJykogcnminima faficn in dicsem 
\ ersueb auf elwa' B Ubr imd ca. 9 Ubr. Fuller wurdc bci 
dem \*er.sucb um 7 Ulir und Ki.GO UJir gegeben. 



Ahh. 3. (’rIvkogrngcliaU dcr Kaninchciilciicr walirciul dcr ZlSliiiidcnpcnodc bei 
NaliningszHftihr. a Mantichca, !> 'iVdbcJicii. Dir Pfcilc inarkicren den ZcitptinM 
dcr ]'f.Ucning (niidi .S/d(/rc/i, Nordcmkjold, IloUngrcn und Mollcrslrom). 


Bci Jumgernden Ticren versebwindet das erste Glykogcn- 
maximum; das zwcilc dagegen bleibt nocb iiacb dSslundigem 
Hunger imveriinderl beslchen, mil einem Minimum ctua mn 
j.” Ubr (vgl, Alib. 4). 

Bci langerer Nabrmigscnlziebimg, 48 Slunden bei ci eici 
imd 72 bci Manncbcn, verhall sich der Glykogcngobalt dei^ c 
ber imregelmassigcr, 'vas walirschciidich auf cine StoiuHo 
der normalcn Funklion der Lcberzellen liindeiitet. 

Diese U ntersuchiingen Ichren, dass bciin Kaninchen das . ci 
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nvrc (iliikoiicniiuixiniitin (das 
Nacldniaximmu) (iliincnidrcn 
I'rspnuKjs ist, <l(is tin'hscrc 
Mii.viiiuiin (ItKji't/cn (das Ta- 
}^('sinaxiimini) ciuloiiviu'ii Clin- 
raklcr lull. 

Aiiffallciid isl dcr hdliiMol.c- 
I)i;r^IyIvO{’c'nf»cliaU dor Manii- 
chon im VtM'f'lcich zti dcni dcr 
Wcibclion. Nnch narli ISsliin- 
diRoin Ihin^pin ('nlliallcn di«! 

Lclicrii dcr Mannchcn ini Assi- 
milalionssladiinn niclir (llyko- 
f,'cn als die dcr Wcilichcn iiach 
mir 2ls\undif’cin I'astcn (v{>l. 

Abb. •!).’ 

Die f^russcrc Lcbcr^lykdgcnkapa/.iliil dcr Miinneben gegen- 
idicr den Weibeben war sclum 1930 von Jiorhrlmnnn nnd Dicl<- 
ninnn nacbgcwicscn worden. Die Ilcoliacblnngcn diescr Anto- 
ren sind dnrcli die Unlcrsucbnngcn von .S’/o;/rr/i, KordciutUiold, 
Ilnluujrcn nnd Mnllcrstrnni in alien Pnnklcn bcsliiligl worden. 

Dei Sbidicn iilicr die Menge dcs Leberglykogens isl es daher 
crfordciiicb, <la.s Cicscblecbl dcr Vcrsncbslicrc zii Ijcriicksichli- 
gcn. Offenbar bcslcbl cin incrkwnrdigcr idiysiologischer Ge- 
schlccblsnnlcrscliicd sowold in bezng anf die Glykogenbildnng 
dcr Leber als aneb binsiebllicb dcr Glykogcnkapazlliil dcrscl- 
ben, I'aklorcn. wclcbe von griindlegendcr Dedenlnng fiir den 
Kncrgiebansball des Organisnnis sind (vgl. .S. 42). 

BocUidmann, Diccknwiiu, Kanfnwii nnd Schcring zeiglen 
1931, dass die Glykogenmcngc in dcr Leber in Beziebung zum 
Brnnslzyklns slebl. Bnll.'i nnd Detirl baben 1933 angegeben, 

' KacMrn(] hci ihr KorrrI.Ittr: 

UoimUou) iintl Kniilla linlicii hoi hurzlioli voroircntlichlen Uiilcrsiichungcn 
(/.sclir. f. d. gcs. 0 X 1 ). Mod. 110, GOa, 1912) iinlcr Bcaoliluiig gcwi.sscr Ausscicr 
Vcr.siichshcdiiigungon koinoii Wcchsol im rdykogcngchaU dcr I.ehcr gqfundcn. 
Sic hcslrcilcii dalicr das Vorlicgcii cinor 2lsnindcnpcnodischon Lcbcrglykogcn- 
liildmig. Hci don Vcrsuchslicrcii xvurdc dcr Glykogcngchalt mir an zwei ver- 
scliicdcncn Zcilpnnkton crinillolt, wclchc ungluckUclicrweise so gcw.ahll sind, 
dass die Glykogenmengen an den heiden Zcilpnnklen dicsclhcn sind, aher das 
cine Mai isl die Glykogonkurve im Slcigcn, das andcrc im Sinken, wcshalb 
dicsen Vcrsuclicn I:cincrloi Bcwciskrafl bcigcnicsscn xverden kann. 



AliU. 5. Glykogcngchalt dcr Kanin- 
cbonlobor wi'dirond dcr 21Slnndon- 
poriodc boi Kabrnngskarenz. Wcil)- 
rhen narb 21slnndigcm, Manneiion 
nacli -ISsiilndigcm Ilnngcrn (nacb .S;d- 
prrn, .Vonfriisk/oW. Haltngrcn und 
Mollerstrom). 
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■in.ss cm Ijoslnmnlcr Unlcrscliicd /.vviscliei, dc„ C«lfal,ta, 
■M licziij; mil (Icii KolilchydralsIoflVccliscl vorlicBI, imj , 1 ^ 
I'raucji gegcn irungcr cnipfindlichcr sind als Miinner 


Kcsorj)l,ioJi ifjifl ^veilcrc Scliicksal(3 
dcs Naliruiigsfells 

Das mil der Nalirung aufgcnommcne Felt wird hei dor Ver- 
dauung elurcli die Wirkung der Pankreaslipase in Glyzerin imd 
I'elksaurcn gespallcn. 

]3ei der FcUrcsorjjlioii sj)iclcn nach V&zar die Gailcnsiuiicn 
nnd walirschcinlicli aiich das Ncbcniricrcnrindcnhovmoti cine 
wiclitigc Rollc. liei der Spallung des Neulralfctls walirenddci 
\'crdaiuing in Glyzerin nnd Fellsiiurcn wird das wasscrloslick 
Cilyzerin dirckl von den Dannepilheizcllcn resorbicrl. DicFcd- 
.sanrcmolclciilc dagegen gehen cine komplexe Verbindung mil 
den Jiydrolrop xvirkenden Gallensanren ein. Diese komplexc 
Gallcnsiinre-Fcllsaurcvcrbindnng kann von den Epitliclzcllcn 
aufgcnommen werden, Infolge ihrer starken Oberflachcnspan- 
nnng wnndcrn die Gallensanren dnrch die Zcllobcrflachc zii- 
I lick nnd konnen dann nenc komplexe Verbindnngcn mil frei- 
on Fellsiiurcn im Darminhall bilden. Diesclbe Gallensaiirc- 
mengc kann milhin grossc Mcngcn von freien Fellsaiiren in 
das Darmcpilbel bincinbefordern. 

Die in den Dannci)ilhclzcllcn von neueni I’reigcinachtcn Felt- 

siinren verbinden sicb mil dem resorbierlcn Avasseiloslichcu 

Glyzerin zu Neulralfclt, xvclchcs also in der Darnnvand wiedci- 
cnfslelif. Man findel dasseibe in Form von FelUropfcben bereds 
in den Epilbclzellen (Abb. 6). Dieses Darmfctl \\andeit ^'Ci 
for’ zinn zenlralen Cbyinsranm dor Darmzollen, von dorl an 
dem Wegc iiber die Lyiupbbabnen zum Ductus Uioraciciis urn 
ergiessl sicb mil deni Gliylus in den Angulus venosus. Das rc 
sorbicrle Nabrungsfcil passicrl daber nicbl in nennens\\ci cm 
Aiisinass die Leber iind das Pfortadersystem. Es gebl in cis c 
Linie dnrch das Blulkapillarensysfem der Lungen. 

Die Rollc der Lungen beim Fetlsloffweobsel isl nocli inci 
vdllig gcklarl. Sebon Boerhave (1740), Haller (1788) un ^ 




a. Ilolicpmil;! (lor assiiiiilalonsclicii Pliasc. 

Vorsuchslicr Sd, ('ololcl iiiii fl.l.'i I'lir. (ily- 
kofii'iipi'liall tier Lolirr 11 */«. Lchci-zcllon 
sclir voliiiiiinos, Zylo()lasma iiclz- 

f(iniii:;c Slnil.Miir, mil klciiion la'wcisskliim- 
prii in den Knotenininkli'ii des N’cljtes, alter 
nnr ciiuelne Sekreljjrannla. Die Gnllenka- 
jtillaren sind leer und zn.sainnieiiiierallen. 


It. Bcginncnde Sckrclion. 

Versnelislier R2, gelfilel mii 1 I'lir. Gljkti- 
gengclialt der Leber 11 '/» Sekrelgrnnula 
haben sieb langs der Gallenkaitillaren an- 
gesannncll, die jcdocli imniei’ noch leer und 
fast znsannncngcfallcn sind. 



e. I'ditgeseiirillene Sekrelion. 


d. Ilolieininkl dcr sekrclorisclicn Pbnsc. 


Versnelislier 8.'!, gelolel nni fi Uhr. Giiko- 
gengebalt der Leber ."),2 '/o. Zwiseben Kent 
mid Gallenkapillare isl in den Leberzellen 
eiiie )>sckreloriseIie Zoiiei mil zalilreieben 
.Sekrelgrmiida zu Iteobaelilen. Gallenkapil- 
larcn weil nnd mil Galle gcfi'dil. 


Versnelislier 00, getotet iini 1 1.,00 Uhr Gly- 
kogengeball der Lelicr 1 “A. Die Leberzcller 
sind klein nnd cnlbnllen reicblich .Sckrel- 
granula. Gai/cnkapiUarcn maximal weil, mil 
Sekrel geffdll. 


Mill. j. Die rbylbmisebe I.eberfiinktion, .\b\veebselnd Glykogenltildmig mid 
G.illeiisekrelion, dem nssimilaloriseben bzxv. dissimilaloriselu-n b'miklions- 
sladimn enisprcchend (iiacb I'nisgrcn). 
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sdlini (1792) Iialtcu angenommcn, class die Lungcu irgciidwic 
iin Dienste dcs Fclhimsalzes sliinden, und dass dcr Chylus in 
den Lungen in Blut umgewandelt wiirde. 

Wahrend langer Zeit waren indessen die Lungen als Organ 
I’iir den FcllstoffwecliscI in Vergessenheit geralen. Durch Ar- 
bcilcn von Roget und Binet (1921 — 33) wurdc die Aufmerksam- 
keit von ncuem auf die Bedeulung derselben fiir die Verai’bei- 
Inng dcs Felts im Organismus gelenkt. Durch verglcicliendo 
Analysen von Blut aus der reclitcn und linken licrzkainmcr bci 
Fcllzufubr unlcr versebiedenen Versuebsbedingungen und bci 
dircklcn Durcbstrdmungsversuchen fanden Roget und Bind, 
dass die Lungen einerscits die Faliigkcil besitzen, Felt zuriick- 
zuballen, und andcrerseits auch iinstandc sind, Fctt abzubauen. 
Die Arbeiten dieser Forseber sind von einer Rcibe franzosiseber 
Auloren besliitigt worden. 

Andcrc Unlersuclicr dagegen konnlen keinc dcrarligcn Funk- 
lioncn dcs Lungengewebes naclnvcisen und bestreiten die Bc- 
deulung der Lungen fur den Fcltsloffwccbsel [Kiirivagawa u.a.) . 

Tvoicanii (1930) machle gellend, dass die Feltfixalion der 
Lungen koine dauernde sondei'n cine vorubergebende sci, was 
die versebiedenen Unlersucbungsresultale erklaren konntc. 
Nacb Aschoff (1926) sind die Lungen gleicbwobl als ein im 
Dienste dcs Fellumsalzes slebendcs Organ zu bclracbten. 

Roger und Binet batten gefunden, dass das Lungenfett cin- 
nial in den Lungenkapillaren auftrat, deren EndotbeJzellcn cine 
aklivc Pbagozylose inlravasalen Felts erkennen liessen, sodann 
als frcic Fetlropfcben in den Alveolarscbeidewandcn und 
sdiliesslicb nocb in fettbaltigen Zellen im Lungenparencbyin, 
don sog. Alveolarpbagozyten, welche enlweder von dcin Alvco- 
birepitbel oder von Mesencbymzellen abstammen. 

Quensel slellte fest, dass in gewissen Zellelemenlcn dcs Ex- 
I)oklorats, den sog. !>grossen Sputuinzellen*, sowobl normaler- 
weisc wie aucb bei Lungenluberkulose Felt- und Lipoidcin- 
soblusse vorbanden sind. In einer untersuebten Spulumprobe 
land sicb nacli Blix 1,5 % phosphatidgebundener Phosphor. 

Dragoin (1929) wies darauf bin, dass die Lungen gesunder 
'I'icrc nur geringe Fettmengen enthalten. Das bei diesen zu fin- 
dende Felt trill im Alvcolarcpitbel auf. 



28 


Wemi das Pankreas cxslirpicrt worden isi, ersdieinl dagegou 
1 c» m reichhcher Meuge in den Lungcnkapillaren, wahread 
Lndothel- und Alveolarzellen da fettfrei sind. Beim Pankreav 
diaBcles konyiit es dalier wahrscheinlicli zu Slorungcn der nor- 
inaleii Beteiligung des Lungenparendiyim am Fellstoffwcclisel. 

Es ist nioglicli, dass die Oxydation eines Teils dcr FcUsiiuron 
im Liingenparencliym slattfindel. Schoii a priori ist anzunch- 
nien, dass der reiclilicli zur Verfiigung stehendc Saiicrsloff su- 
'^ie die ausgedclnite Oberflaclie der Limgcnalvcolen voii gros- 
ser Bedeutimg fiir eine inlensivcre Oxydation sein miissen, ^Yei- 


clie zur weiteren Verarbeitung der Fctlsaurcu wahrend des 
intermediarstoffwccbscis notweirdig ist. Die Lungen dienen in 
diesem Falie iiicht nur dein respiraloriscben Gaswccliscl, son- 
deni audi dem intermcdiarcu Fcttinnsatz beim oxydaliven Alv 
bau dcs Fetts. 

Die Resorption des Fetts ini Danjiepiliiel ist jiadi Holiiif/rcn 
eine periodisdie Ersdicinung. Das Vorkonnnen mid Aufirelen 
dcs Fetts im Danuepillid imd den Darmzollen gobl aus Abb. (i 
hervor. 

Hjalmar Holmgren (1936) bat bei hislochemisdien Uiiler- 
sudiungcn iiber den Fetlgelvalt und die Fetlvcrleilung in dcr 
Dannwand, dem liUngengewebe und dem Lcberparenchym bci 
Ratten nacb Futlcriing mit fcttrddicr Kost cine 24stundcnj)c- 
riodische Vanation audi des Fettgebalts gefunden. In eincr 


sich auf 204 gleidigrossc xveisse Ratten dcsselben GesdilcdUs 
erstreckeiideii A’^ersuchsreibe fand Holmgren folgendes. 

Das Darinfeit sank in den Morgen- und Vormittagsstundcn 
und erreichtc um 14 Dhr cin Minimum. Yon da an stieg dcr 
F’ettgelialt des Danns, Avar um 2 Dhr bci seinem hbobsten Wcii 
angelangt und begann dann Aviedcr zn fallen; 

das Lungenfett Avies ein Minimum um 16 Ubr und ein stafi- 
stiscli sichercs Maximum zAvei Stunden spaler, um 18 Uhr, au(, 
das Leber fett zeigte cin dcutlidies Minimum um 14 Uhr, cm 
slatlstisdi Avabrsobeinlidrcs Maximum um 2 UIu , 

die 24Stundenvarialiouen des Lcbcrglgkogens traten bci den- 
selben Tieren mit einera Minimum um 20 Uhr und emem a- 


ximum um 8 Ubr in Ersdieinung. 

JCglicbe Nabrungsaufnahmc Avurdc bei diesen Versueben re 
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{^islriorl. 'I’rolz I'reicn Zti{>aii{^.s 
zuin Fuflor frasson die Ticrc 
hiiuplsachlich am Abond und in 
diT Nadil, von idwa 17 IJhr bis b 
llbr, und zwar zic'inlicb konli- 
miiorlicb. An don iil)ri}’on Zoilon 
dor 21Slundcni)oriodc frasson die 
'i'ioro nur woni;' und luolir sixi- 
radiseb. Die Rallcn sind ja dafiir 
bckannl, dass sic ibre {'rdsslo Ak- 
liviliil naebis onlwickoln. 

lin Maf,'on-I)arinbnucn l)ofand 
sicb boi don \’orsuc.Iislioron wiib- 
rond dor {'auzen 2-iSUiudcimo- 
riodc rcicblicb Nabruuj' und 
I'oll, \Yosbalb die Varialiouon ini 
FoM^'oball nielli durcb Nabrun(,'.s- 
inanfjol Iiodinj,'! soin kunnon. 

Dio 2ISUindonvarialioucn <los 
Darm-, Luui^on. und LoborfoUs 





Ahh. 7. Varinlioticii <lcs Ilariii-, 
holier- uml Lungcafelts walwTnd 
tier 'ZlStunik’iipcriodc liri fcll- 
rrichcr Kosl (natlc) sowic cnl- 
sprcrlirmle VeraiKlcningcii iiii 
tilykoprnj’rhall tier heber (nacli 
lljalmar UoUn^ren). 


sowio dos Loborfilykof'ous voransebauliobl Abb. 7 (naob 


//fdnif/ron). 


IJio noiIou(uu(| dos FoKjiowobo.s fiir don Kohlo- 
liydraf st ofiAvooIisol 

Fin ('l)orscbuss von Koblobydralcn in dor Naliruiif' Iicwirkl 
nicbl nur cine Glykogonzunaluno, sondorn aucb cine Vcniiob- 
riing dcs Fcllvorral.s iiu Organisiuus. Auf dor andcren .Scilc 
kann I'oll boi niangclbaflcr Koblebydralzufubr norinalcnvci.se 
in Zuckor umgcwandcH werden und aucb ais Glykogenquelie 
tiicnen. Felt und Koblcbydralc kunnon somil incinandcr iiber- 
goben, und bci dioscr Transforinalion spiclcn aucb die Leber 
und das FollgCNvobc cine wicbligo Rolle. 

Bci Versuebon an Ballon babon Scliitr und Low cine Zu- 
nalnnc dcs Zuckcrgcballs iin Is'clz nacb koblcbydralreicbcr 
Kosl gefunden. Dicse Auloren belracblcn das Netz und das 
abdominale FctlgoNvobc als cine Durcbgangsslalion fiir rcsor- 
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Iiici lc KoWeliydralc. Boi Kolilehydralubcrsclmss in dcr Nal,: 
1 mig wn-d dor Zucker im Feltgewebe in Ne'ulralfcll umgcivan. 
doll, das im Nelz als Depotfett gespeiohcii wird, 

Schur und Low haben ferner beobachtct, dass dor Zuckcr- 
gohall des Netzes aucli bei anhallendem Hungern steigt. Dies 
dculel aiif eine Koblebydratbildung im Feltgewebe mil Ober- 
gaiig von Felt in Zucker liin, wenn keine Kohlehydrate mil der 
Nkabiiing ziigefiihrt werden. Das Feltgewebe ist daher ein ak- 
tives Gewebe, welches sich am Kohlehydratstoffwechsel betei- 
ligt und Koblehydralc zu Depolfelt oder Felt zu Zucker um- 
Jonnl, je nach dem Kolilehydratzugang in der Kosf. Die stabile 
llcservcnabrung wird im Feltgewebe als Depolfelt gespeioherl. 
Zwischen Depolfelt und Organfett bestelit ein grundsatzlicher 
Untcrschied. 

Depotfett bestelit vorwiegend aus Neutralfelt, ist seiner Zu- 
saninienselzung nacli unspezifisdi und wecbselt mit der eingc- 
noinmenen Nahrung. Bei reicblioher Zufuhr korperfremden 
Felts mit charakteristischer Zusammenselzung wird dieses iin 
Feltgewebe abgelagert und kann dort mittels seiner cliarakfc- 
rislischen Eigenscliaften nachgewiesen werden. 

Das Organfett ist strikt spezifiscli, von konstanter Zusam- 
menselzung, weniger gesatligt und ausserdem an Phosphor- 
siiurc und Stickstoffl3asen zu organspezifisdien Lipbiden mil 
dem Charakler dcr Pliosphatide gekoppelt. Die Phosphatide 
bilden walirscheinlidi ein wichtiges Zwischenglicd bei der nor- 
malen Umwandlung des Nalirungs- und Depolfetls im Stofl- 
wecbscl (vgl. S. 296). 

Burn und Marks (1926) konslalicrlen bei Peidusionsvcr- 
sueben an Lebern von Tieren, welche vorher mit reichlichen 
Fellmengcil gefiitlert worden waren, dass cine Zuckerbildung 
vor sich ging, welche sich nicht lediglich durch Umwandlung 
von Glykogen odcr Milchsaurc erklaren Hess. Sic nahmen an, 
dass cs sich urn cine Zuckerbildung aus Organfett dcr Leber 

lianddle. t t . > 

' Jost fand 1931 bei Durchstromungsversudien an Lebern voi 

phloridzindiabctischen Hunden, dass Phosphatide erne erhe - 
liche Steigerung der Zuckerbildung bewirkten. Gleichzeib« 
sank der respiralorisohe Quotient; und dcr Saucrsloffvcrbrauch 
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Der Chj'lomikrongehalt des Blutes li^gt von der niit der 
N'ahrung zugefiUirten Fettmenge ab. Im Hunger ist der Cbylo- 
inikrongehalt auch bei scliweren Diabetesfallen mit hochgradi- 
ger Kelomirie gering (vgl. Tab. 1), 


TAB. 1. 

Chylomikronnclialt dcs Blulcs wiilircml clues Hunflcrtags bel 2 Fal- 
len von Ijcdrolilielicm Diabetes. Insulin bei beflinnenilem Praekoma 
einflcselzt (nach Bohm, Gernandl, Holmgren und Mollerstrom). 



Bint 

U r 

i n 


Zuckcr- 

{lebnlt 

Cliylomlkron- 

flclinlt 

Wahrend der Zeit 8-18 Uhr 
ausgeschiedene Menge 


n. Hagedorn 

mg % 

nieiirigst Mthtt 

miUlerer wen 
pro Flachen- 
einheit 
8—18 Uhr 

Zucker 

g 

^-Oxybuller- 

saure 

mg 

Fall I. 

40 1. E. urn IG Uhr 

195-254 

1,3 ±1,0 

11,2 

2 799 

Fall 2. 

40 1. E. urn 19.30 Uhl 

219 — 270 

2,1 ± 1,2 

7,6 

4 880 


Dor cvh6h.e Chylo.nlkrongcha,t 
Diabetes hitogt 'vomoghch mil emer ^ zu- 

Eingreifcn des L“'’8™parcnc^y Kapillar- 

sammen. Die sierea hat, naiUdem 

„otz, svelehes das entleert ist. Nor- 

dic Cbylusfiussigke. in die V- ^„„p|^aeHich in den sog. 
malerweise wii'd indes „„netroffen, in den Lungen- 

Alveolarpliagozylen (vgi. S>. ) ■ e ^ Pankreasdia- 

kapillarcn aber nur in Alveolarphagozyten hur in 

lietes dagegen scheint es wahrend es da 

kieinen Mengen " ^gssen der Lungetf aaftrilt. 

in grosserer Menge “ ? ^errseht kein Paralletismus. 

ZwischenLipamieundKeton n aber nn- 

Bei Fettzufuhr ateigt die Anzalil der i-ny 
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abliangig hiervor kann die Ketonurie zu- oder abnehmen, in 
verscbiedenen Fallen Avechselnd (vgl. die folgende Zusammen- 
slellung von fiinf Diabtesfallen mit Ketonurie, s. Tab. 2) . 


TAB. 2. 

ChylomikrongcliaU des Blutcs im Hunger und Tici fcUreichcr Kost bel 
5 Fallen von Diabetes olinc Insulin. 


Fall 1. 
Hunger , 
Fellkost 

Fall 2, 
Hunger 
Fellkost 

Fall 3. 
Hunger 
Fellkost 

Fall 4. 
Hunger 
Feltkosl 

Pall n. 
Hunger , 
Feltkosl 


B 1 u I 


U r i n 


Zucker- 

gelialt 

n. Hagedorn 
mg % 

wtdtigsl Mihst 



136-247 2,5 + 1,3 1,2 140 

129 -254 7,8 + 5,0 0 45 


172 -228 4,9 + 2,7 5,4 545 

184 - 218 43,3 + 33,5 8,7 400 


75 — 144 1,3 + 0,5 0 799 

75 - 117 13,8 + 11,4 0 95 


174 -241 1,5 ± 0.8 4,5 404 

172 -216 14,4 + 12,1 16,0 1 024 


159 — 262 2,4 + 0,3 2,5 471 

245 -298 31,5 + 31,0 26,2 750 


Beim ketonkorperbildenden Diabetes verschwindet die Ke- 
lonurie unter dem Einfluss von Insulin. Dabei liisst der Chy- 
lomikrongehalt des Blutes eine Zunabme erkennen (vgl. die 
folgende Tab. 3). 
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Die Lipamie foigt nicht den Varialionen des Blutzuckerge- 
iialts und gelit niclit der Zuckerdiurcse oder Ketonkorperaus- 
sclieidung parallel (s. folgende Tabelle 4). 


TAB. 3. 

Elnfluss des Insulins an£ die ^-Oxylmttcrsiiurcausselieiduna und den 
Chylomikronflelialt dcs Ithitcs Ijel 4 Fallen von Diabetes. 



B 1 

u t 

D r 

i n 


Zueker- 

((cbnlt 

n. Hagedorn 

mg % 

rntdrissl Uthl 

Cbylomikron - 
gchnlt 

miltlerer Wert 
pro Flachen- 
einheit 
8-18 Uhr 

Wahrend der Zeil 
3-18 Uhr ausgeseWe- 
dene Menge 


Zucker 

s 

40 xy- 

butler- 

siiure 

mg 

Fnll 1. 





Hunger 

205 - 240 

2,7 4 0,7 

9,7 

3420 




Fellkosl 

244 — 289 

42,9 4 41,4 

18,4 

1859 

Kolilekydratkosl 

263 - 449 

5.14 2,7 

69,5 

1157 

gcwShnl. Kost + Insulin 
24 4-24 I E 

287 - 395 

25, e 4 17,9 

41,6 

0 

Fall 2. 

165 - 218 

2,0 4 1,2 

5,3 

764 

FeHknst 

197-273 

8,9 4 8,C 

27,9 

829 

eeVi'dhnl. Kost 4 Insulin 
32 + 36 1. E 

273 - 348 

15,7 411.4 

76,0 

0 

Fnll 2. 

73 — 205 

2,0 4 1,0 

0.1 

319 

T7oHlrncf * 

191-235 

27,2 4 24,4 

13,9 

554 

gewdlinl. Kost + Insulin 
® 32 + 32 I. E 

244 ~ 325 

27,1 4 21,9 

54,9 

0 

Fall 4. 

184 — 357 

1,5 4 0,G 

3,5 

83 

237 

Xlliilg'-i 



224 - 258 

14,7 4 7.7 

3,9 

aewohnl. Kost + Insulin 
.20 4 20 1. E 

214-432 

20,0 4 29,8 

63,0 

0 


Del- Chylomikrongehall des Blules nadi 

•hr Oder. minder Starke 24Slundenvariationen (Abb. 8). 
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TAB. 4. 

ZucUcr- uiitl Chylomikronciclialt ilcs Blutcs sowic aiiSflcseUicdenc 
(^-Oxylmltcrsaurcmciiflc l»ci Dialictcs mil vcrscliicdcncm 
Nalirunjjsrcflimc. 


II 

u n g e 

r 

F 

c t 1 k 0 

s t 

K 0 h 1 e h y d r a t k 0 s t 

niiii- 

zucker 

mg % 

Cliylo- 

mikronc 

/J-0.\ybul- 

tcrsiiure- 

ausscliei- 

dung 

8-20 Uhr 
mg 

Blut- 

zuckcr 

mg % 

CUylo- 

mikronc 

■ 

Blul- 

zucker 

mg % 

Chylo- 

mikrone 

/3-Oxybut- 
tersaure- 
ausschei- 
dung 
8-20 Uhr 
mg 

157-188 

2,2±0,4 

30 

138-184 

41,0+55,0 

23 

231-430 

l,5+0,2 

40 

82-106 

2, 0^1, 8 

306 

88-265 

7,0+ 5,2 

43 

280-466 

4,1 +2,9 

552 

174-241 

1,5 + 0, 8 

403 

184-218 

43,3+33,.5 

400 

249-381 

2,2 + 1, 2 

840 

75-144 

1,3+0, 5 

799 

197-273 

8,9+ 8,g 

829 

254-440 

5,5 +2,8 

935 

280-313 

1,5+0, 4 

2 561 

172-216 

14,4+12,1 

1024 

263-449 

5,1 +2,7 

1 157 

105-254 

1, 3 + 1,0 

2 780 

218-247 

12,5+10,9 

1744 




219-270 

2, 1+1, 2 

4 880 

244-289 

48,9+41,4 

1859 





Die Kelonkorpcrbildung evfolgl aus den Fcllsiiuren bei un- 
vollsluiidigein oxydabvem Abbaii derseiben. Bei Futterungs- 
versneben lial Schwartz gefunden, dass es bauplsiiclilicb nie- 



Ahh. S. Varialioncn des Chylomikrongehalls im Blutplasma wilhrend des Tages 
bei Naliningsxufulir obno Insulin. Die Pfeilc bczeiclincn die Malilzcilen. 

a Diabetes mil Kclomirie. b Diabetes obnc Kelonurie. 


4 
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dermolekiilare Feltsaiiren siiid, welche die Azetonkorperaus- 
scheidung bei Diabetikern steigern. Die Propionsaure machl 
jedoch eine Aiisnahme und bewirkl keine vermehrte Kelonurie. 
Daber sleigt die Zuckeraussclieidung nicht, wenn Fettsiiuren 
beim Diabetes als Nahrung zugefuhrt werden, Avohi aber trill 
in gewissen Fallen eine stavkere Kelonurie auf. 

Bei Perfusionsvereuclien an iiberlebenden Lebeni hat Embden 
gezeigt, dass die Kelonkorperbildung hauptsachlich aus Fett- 
saiiren mit einer geraden Anzabl von Kohlenstoffatomen slatt- 
iindet. Die relative Ketonkorperbildung aus verschiedencn 
I’CtLsauren wird aus der folgenden Zusammenstellung nach 
Embden ersichtlicb. 

Normal-Buller- Siiurc mit 4 KohlenslolTaiomcn 128 


» 

^halcrian- 

» 

» 

5 

» 

20 

» 

Kapron- 

)) 

» 

6 - 

)> 

100 

)) 

Heplyl- 

» 

» 

7 

» 

12 

» 

Oktyl- 

» 

» 

8 


60 

}) 

Nonyl- 

» 

» 

9 

» 

19 

)> 

Dckan- 

» 

» 

10 

» 

58 


Fcllsaiiren mit boherem Molekulargewicbt, Stearin- und Ol- 
siiure, bewirken bei Fiitterungsversuchen nur eine geringfiigige 
Zunabme der Azetonkorperaussebeidung. 

. Audi Eiweiss kann wie Fell fiir die Zuckerbildung des Orga- 
nismus in Ansprucli genommen werden. Dabei sind gewisse 
Arainosauren wie die Fettsauren ketonkorperbildend, andcre 
dagegen zudcerbildend. Zu den ketoplastischen Aminosauren 
werden Leuzin, Pbenylalanin imd Tyrosin geredinet. In dem 
hfasse, wie ketoplastiscbe Aminosauren in dem Eiweiss enlhal- 
ten sind, gibl dieses bei gesldrtem Koblehydratstoffwecbsel zur 
Entstebung von Ketonkorpern Anlass. . t)ber die glykoplasti- 

itchen Aminosauren vgl. S. 18. . • t • 

Die Koblebydratbildung aus Felt findet wabrsdiembdi m 
der Leber im Zusammenbang mit der periodisdien Glykogcn- 
bildung statt. Bei Storiingen in der Umwandlung des Fetts in 
Zucker Iritt eine abnorme Ketonkorperbildung ein. Audi dieso 
folgt der rbyfbmisdien Leberfunktion. Bei gewissen Fallen von 
Diabetes spiegelt sich daber die rliytbmische Lebertatigkeit sclu 
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9. ^-Oxybiillcrsfuircaiissclicidimg im Hunger ohne Insulin bci kclonkor- 
pcrl)il(icndcm Diahetrs. 

a Mil stark hcrvortrctcndcr rhylhmischer Kclonkorpcrausschcidung. 

I) Olinc poriodischc Ketonurie. 


dcuUich in deni pcriodisclicn Vcrlanf der Kclonkorpcrausscliei- 
dung wieder, besonders bei Hunger (Abb. 0). Bei andcren Fallen 
dagegen Irill cine periodisebe Kclonuric niclil in enlsprccben- 
dem Grade hervor. Es isl niclit inoglicli, zu sagen, ob es sicli 
hierliei in den einzclnen FiUlen um einen versebiedenen Ur- 
sprung der Kelonkorperliildung bandell, odor ob es irgend- 
welcbe andcren Faktoren sind, wclchc fiir den Verlauf der 
Kelosaurcnaussebeidung beslimnicnd sind (vgl. S. 147 u. 376). 

Die Beziehung zwisclicn Kelonkorperliildung und Zuckerum- 
salz liissl sicli bei scbrillweiser Hcrabselzung der Insulindosis 
bei Diabelcs mil Kclonuric vcrfolgcn. Bci konslantcr Koblc- 
liydralzufulin hall sicU da die Zuckcrausschcidimg verhallnis- 
iniissig auf dcrsclbcn llohc, aber die Kclonkorperausscbeidung 
sk-igl mil fallcndcr In.sulindosis (Abb. 10). Dies sprichl dafiir, 
(lass das Insulin in die kelonkOrperbildcnden Prozesse cin- 
greifl. Die Insulinwirkung auf die Zuckeraussebeidung scbeinl 
dagegen ein scknndiires Pbiinonien zu scin (vgl. S. 27r) u. 295). 




Hof^nzuthtr ^/2sf 


t>0 




Abb. 10. Bci konstanter Nahrungszufiihr, aber sukzessiver Verminderung dcr 
Iiisulindosis blcibt bci kctonkorperbildcndem Diabetes die Zuckerdiuresc im 
wcscntlicbcn iinvcrandcrt, im Gegensalz zur Ketoniiric, welche rasch zuniiiinit. 
Wind die Insulindosis gcsicigert und den Ketosfiurewcllen im Ausscheidiings- 
diagramm riclitig angcpassl, so vcrsclnvindel die Ketonurie auch bei freierer 
Kost und weilerbcslchcnder Zuckeraiissclieidung. 1st die Insulindosis gross 
genug, um den Sloffwechscl in die Glcicbgcwiclitslagc zu bringen, so gehf die 
?iuckcrdiuresc nach und nacli zuruck, wobci dcr InsHlinl)cdarr gcringer wird. 


Glykogeii und Hormone 

Znr Bilclung <lcs Glykogens ist niclit nur das Material fiir die 
GlyJcogensyn these erforderlidi, sondcni auch die Mitwirkung 
von Biokatalysaloren, 'wclche den Assimilationsprozess belien 
schen und den Verlanf desselben in die rechte Bahn lenkei 
Die wirksamen Substanzen sind dabei teils exogenen Ursprung 
— ■ die Vi (amine — , tciis endogenen — die Fermentsysteme un( 
Hormone. Die Wirkung derselben wird im IV. und V. Ab 
schnitt eingehender behandelt werden. 

Auch die Mobiiisierung des Glykogens ist von der Biokaia 
Ivsatorwirkung bzw. von hormonalen Einfliissen alduingig. Sc 
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der Glyliogengchall dcr Leber von ncurohormonalen 
hnpulscn gcrcgcll, wclchc fiir die Uinsclzung dcr KohlehydraU: 
im Organisimis l)cslimmcnd .sind. llicrdurcli wird walirsclicin- 
Hch aiich die periodische Lcberfunklioti geslcucrl. 


Die Ilypopliysc 

Die IIyiK)pby.se isl cin Regulalor fiir die Kohlcbydraluinscl- 
/ung iiu Organismus, Die Wirkung dcrsclbcn isl von kom- 
ploxcr Natur nnd xvird im VI. .Abschnill im Zusammciihang 
mil dcr Fragc dcr ncurohormonalen Slcucriing dcs Kohlchy- 
dralsloffxYcchscls naher cvurlcrl xverden. 

Uci Unlcrfunklion dcs Ilypophyscnvordcrlappcns in FtiHcn 
von hypophysarcr Kachexie (Morl)us Siminoml) nnd liypo- 
physiirem Z^vcrg^^'uchs fand Oixhhifj (1922) niedrige Niich- 
Icrnbhilzuckcrwcrlc mil Neigung zu hypoglykiimischcn Schok- 
kcn. Nach Enlfcrnung dcr Mypophysc im 'J'icrvcrsuch slclllc 
iiraier (1931) fcsl, dass dcr Blulzuckcrgoball im Hunger auf 
hypoglykamischc Wcrlc sinkt. Nach White slcrbcn Kaninchen 
-schon 24 Slunden nach dcr Hypopliyscklomic im hypoglyka- 
mischen Koma. 

CorUill, MarUs tind While fanden cine hochgradige Vermin- 
dcrung dcs Glykogcnvorraks der hungernden Ticrc nach Ilypo- 
l)hyscklomic. Dcr Glykogcnzcrfall war dal)ci im Vcrglcich 
zu dem normaler hungernder Konlrolllicrc gesleigerl. Glykosc- 
injcklioncn kiinnen nach Cope (1937) die hungernden hypo- 
physcklomicrlen Ticrc Icmporar am Lclien crhallcn. 

Ilonsaaij sowic Russell nnd Rennet (1936) vermochlcn durch 
Injcklion cincs Exlrakls aus Ilypopliysenvordcrlappcn oclcr 
durch Implanlalion dcr ITypophysc das Zuslandckommcn dcs 
liypoglykiimischen Komas bci liypophj'scnlosen Ticren zu ver- 
hindern und den Glykogcnzcrfall zu vermindern. 

Alias dies dcntel daranf hin, dass die Iliipoplnjsc wirksamc 
Faktoren enihall, luelche die Glijkogenbilduncj im Organismus- 
bcim Ilungern f order n. 

Soskin, Zimmermaim und Crohn (1936) haben gefunden, 
dess cinscilige Fcllnahrung hei hypophyscklomicrlcn Ticren 
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Irill und^dL'rf !’ Hypoglykiimie qin- 

Intt und das Glykogen verschwindet. Demgegeniiber kann ei- 

'^cjssreiche und auch. kolilehydratreiche Kost die Entstehun« 

der Hypoglykamie verhindern. Die Mitwirkung der Hypophyse 

ist dalier fiir den Obergang des Felts in Koblehydrate erforder- 

licJi, und diese Transformation gdit mit Ketonkorperbildung 

als Zwisclienstufe vonstatten. Bei geslortem Koiiiehydratstoff' 

wcchscl lost also die Hypophyse durch die Wirkung des kelo- 

genen Hypophysenhormons, von welchem im VI. Abschnill 

cingchender die Rede scin wird, eine Kelonkorperbildung aiis. 

Zahlreiclie Untersuclningen sind fiber das Yerhalten des Le- 


ber- und Muskelglykogens nach Hypophysektomie angeslelll 
wordcn. 


Bei reichlicher Nahrungszufuhr schcint die Hypophysektomie 
den Leber- und Muskelgl 5 ’'kogcngehalt nicht nennenswerl zu 
becinflussen. Chaikoff, Holiom und Reichert konstatierten bei 
^'ersuchen an Hunden normale Leberglykogenwerte. Auch das 
Muskelglykogen wies da nur unerhebliche Abweichungen von 
nonualcn Werlen auf. Cope (1936) fand bei Versuchen an Ka- 
uinchen cbenfalls keine Veranderung des Glykogengehalfs der 
Leber und auch normale Muskelglykogenwerte bei reichlicher 
Nahrungszufuhr. 

Im Hunger slclllc dagegcn Cope bei hypophysektomierlcn 
Kaninchen cine slarke Abnahme des Leberglykogengehalls so- 
wic gleiclizeitig sinkende Blutzuckerwerle fest. Wenn da ein 
bypoglykiimischer Schock cintrat, war die Leber bei den hun- 
gernden Tieren nahezu glykogcnfrci. Nach Cope ist die Hungci- 
liypoglykaniie cine Folgc des sinkenden Glykogengehalfs der 

Leber, 

Russell und Bennett (1937) fanden bei Versuchen an Ratten 
' ebenfalls normale Leber- und Muskelglykogemverte bei den hy- 
popli 3 -sektomierfen Tieren bei reichlicher Nahrungszufuhr. Im. 
Hunger sank dagegen das Glykogen schon nach 8 Stunden 
schr stark. Besonders hochgradig war die Abnahme des Leber- 


'^'1 vlco^cns* », j 

bie^’folgende Tabelle 5 nach Russel macht die Verande 

rungen des Glykogen- und Blutzuckergehalls nach Hypophys- 
cklomie crsichtlich. 
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'I'All. f). 

Aliniiliiiu' lips (ilylaiiipii- iinil Hlul/.ut*kpr(|Pliiil(s iin Himnrr Iipi nor- 
innlpii null Iiypoiiliyspiilospn Ilatlcn In rrozpiil ilas Ans(|annsuprts 
lips f;iyIioi|pn(|pha!ts Iipl iIph uolilupnalirlpii Vorsiiplisdcrpii 
(naph lUisscll). 



Narli Sstiindigeni 
I'asicn 

NiU'li ISstiindigpiii 
Fasten 


nonn.alc 

Iiypopliy- 

SPIlloSP 

aorinalc 

liypopliy- 

.scnlosp 

Li’liprulvkogpii 

*>7 O' 

9.") Vo 

9(> V,'. 

99 Vo 

Miiskplglvko^^pn 


21 Vo 

(•) 

•11 Vo 

llliil/.iipkpr 

20 Vo 

•19 v:. 

32 Vo 

51 


Jorrs (HI.’IO) fanil lu-i Vorsiirlion an hypnpliy.spkloinicrU'ii 
llalk'H niul Mpprsflnvcinclicn pihohliclie Sliininf’on dcr jicrio- 
(iischen Lclipri^lykof^on- iinil (iallonbildniij,', abor koiiu-n voll- 
slandif'i'ii Wi'j'fall dcr rliyllimischcn Lcl)crl;ili|^kcil. b'in (lly- 
kof'cmnaxiinuin in dcr Nacht konnU: I)ci don \kMsticlisIioron 
aucli nacli Hypopbysoktoinio nacbj'ewio.son wordon. 

Iiisiiliniibcrcnip/indlichlu'il 

Uonssdii nnd MaijcnUi knnslalicrlon 11121, dass Tiorc, wol- 
cbcn die lIypopby.se enircrnl wonlcn war, ijcr/ci] Insulin nh- 
luirin cmpfindlich waron und ))ci kloinoien Insnlindo.scn al.s 
normale Tiere by|)o{,'lykaniiscbe Krainpro l)okainen. Es scboinl 
dalioi niidil dirckl dcr (ilykogongeliall zu .scin, welclior fiir die 
Instiliidiypoglykiimie licslirnmond isl. 

C.orkill, Murks nnd While (IIKM) ba))on niiinlicli l)ci Iiypo- 
pby.scnloscn Tieron in gulcm Ernabrungsz.nsland nonnalc Gly- 
kogonwcrle in dor Mn.sknlalnr und dcr Leber aucli bci In.sidin- 
bypoglykiiinie gefunden, iin Gegensalz z.u dein Vcrballcn bci 
dcr 1 lungerliypoglykiiinic, wo dcr (Jlykogengcball bci den by- 
|iopbyscnli)scn Tieron .stark verinindcrl war. 

Nacb Crundidl nnd C.Iicrnj (1939) heinml das Insulin bci 
den bypopbyscnloscn Tiercn den Ubergang des Glykogens in 
lllutzucker, wa.s dagegen bci Nonnallicrcn nicbl dcr Fall isl. 
Dicse bcininende Wirkung dcs In.sidins auf die Mobilisicrung 
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teselben in Bint. 

■uckcr soli dre Ursache fiir die Insulinhypoglykamic und die 
gcstegerle Insu!incmpfi„dlicl>kcit der kypophyseklomienen 


Bie Kcimdruscii 

Burkmdo (1903) fand bei Irachtigeii Kaninchen glykogen- 
reichere Lebcrn als bei unbefruchtelen Tieren. Nach dem 
Wurf sank der Glykogengehalt aiif normale Werte ab. BocM- 
mann und Dicckmann (1930), Deuel u. a. konnten zeigen, dass 
Rallenlebern wahrend des Praeostrus und der Oslrusperiode 
mehr Fell und weniger Glykogen enthielten. Bei weiblichen 
Rallen steigt der Glykogengehalt nach Kastration und kann 
ebenso hohe Werte wie bei Mannchen erreichen (vgl. S. 24). 

Die Veranderungen im Glykogengehalt der Leber werden di- 
rekt Oder indirekt von den Sexualhormonen beeinflusst, mog- 
lichcrweise durch Vermiltlung der Scbilddriise Oder des thy- 
rcolropen Mormons der Hypophyse {Capechi, Andersen u. a.}. 
Die Ansichten iiber die Wirkung derselben gehen auseinander, 
da verschiedene Unlersucher nicht zu den gleichen Resultaten 
gelangt sind. Botella-Llusid, de Amilihia und Mendizubal 
(1935) haben festgestellt, dass Follikulin den Glykogengehalt 
der Leber zum Sinken, Lutein dagegen zum Steigen bring!. 
Den Schwankungen des Glykogengehalts entsprechend fanden 
dicsc Forscher bei mit Follikulin behandelten Tieren eine Ily- 
])erglykaniie, bei mit Lutein behandelten aber eine Hypogly- 
kiimie. Andere Auloren berichten iiber nicht eindeutige Wir- 
kungen. Das Hodenhormon lost nach Deuel (1933) eine Zu- 
nahme des Leberglykogens aus, Parlion und Cahane (1937) 
konstatierten hingegen bei Kaninchen und Ratten ein Sinken 

des Glykogengehalts der Leber. 

Die schwankenden Ergebnisse der einzelnen Untersuchungen 
konnen auf die normalen Variationen des Glykogengehalts der 
Leber infolge der rhythmischen Tatigkeit dieses Organs zu- 
ruckgefiihrt werden. Unter Berucksichtigiuig der lelzteren ha- 
. ben Edhind und Fli/f/er (1940) bei Versuchen an weissen Man- 
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sen folgcnde Wirkungcn dcr Scxualhormonc auf das Lebcr- 
glykogen gefundcn; 

1. Selbsl langdaucrndc Bchandlung mil Corpus-hiicumhor- 
mon bcwirkl keine Vcrandcrung; 

2. das FoUiK'cUwrmon verursacbl cin Sinkcn, ii. U. bis iinlcr 
die lirdflc dcr Norm; 

3. Tcslosleronpropionul lost koine sicbcrc Vcrandcrung aus. 

Die Ncbemiicrcn 

Die blulzuckcrslcigcrndc Wirkung cincs Nebcnniercncxlrakls, 
wclcbc sebon lihim nacbgcwicscn halle, slebl in vollcm Ein- 
klang mil dcr Bcobacblung von Porges (1909) iiber den abnorm 
niedrigen Blulzuckcrgchall bci der Addisonseben Krankbcil. 
Aiicb im Ticrversuch trill cin slarkc-s Sinkcn des Blulzuckcr- 
gcballs nach Ncbcnnicrcncxslirpalion cin. Poliak (1909) fand 
dagegen, dass mil Adrenalin bchandclle bungernde Kanincbcn 
cine ebenso glj'kogcnrcicbe Leber baben konnten wie nacb 
koblchydralreicbcr Nabriing. Kurigaina (1918) konnle sogar 
zeigen, dass bungernde, aber liiglich mil Adrenalin behandcllc 
Kanincbcn grosscrc Glykogenmengen in dcr Leber aufwicscn, 
als die nielli mil Adrenalin bcbandcllcn Konlrolllicre. 



Ahh. 11. Vcrrindrnmgoii ties Miislicl- uiul Lcbcrglykogcns sowic des Bliil- 
ziiekcrgelialls iincli Adrcnalin/.uridir (nacli Cori und Cori). 
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znfulir bei Jnmgoradm^frLTnur dfZ GW 

IC vom Adrenalin hervorgerufene Blutziickerstei'terunn 
Icann daher niclil auf ciner Verminderung des Leberglykogen! 

"Oil's ab Muskelglyko-- 

..oils ab. Abb 11 zeigl das Vcrliallen des Bluizuckerspiegels, 

iv uskeb iind Leberglykogens wahrend der Adrcnalimvirkiing 


Con lial gezcigl, dass dcr Milchsauregehalt des Blutes nach 
Adronalinziifiilir rasclicr stcigt als der Blutznckcrgelialt. Wfili- 
rend der Zeit, in Avclchcr der Blulzuckergehalt zunimmt, iin- 
derl sich die Glykogeninenge in der Leber niclU, wohl aber 
sinkl die dcr Miiskulaliir. Wenn dagegen Blutzucker- luul 
l\Iilchsaurcgeball abzunchmen beginnen, dann vernielirt sicli 
nacli Cori der Glykogcngehail der Leber. Die GJykogeiiab 
nahme in der Miiskiilaliir horl da anf (Abb. 12). 





Mb. i2. Blutzucker, BliUmilchsiiurc und Leberglykogen bei der Adren.^iin■ 
ivirkimg (nach Cori. and Cori). 
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Falls Coris Bcobaclilungcn ilbcr die Vcianderungcii des Le- 
ber- und Muskelglykogengeballs iiacb Adrenalinzufubr niebt 
auf sponlanc, mil der periodisclien Lebcrglykogensynlhese zu- 
sanunenliangende Vcriindeningen zuriiclczufiibren sind, dciileii 
seine Befunde darauf bin, dass das Adrenalin den anaeroben 
Abban des Mnskelglykogcns bescldennigl iind eine gesteigerte 
Milchsdnrebildnng beinirkt. 

Die enlslandene Milebsaure wird in der Leber in Glykosc inn- 
gewandell. Dicse Glykose verursacbl leils cine Hypcrglykiiinic 
nnd Glykosxirie, leils cine Spcicbcrnng von Leberglykogen. 
Mierdnrcb wiirdc unlcr der Wirknng von Adrenalin der Glyko- 
genvorral der Mnskiilalur gclccrl, aber leihveise in Lebergly- 
kogen nnd Blnlzncker iibergcfiihrl werden. D(ts Adrenalin 
u)nrdc also den Koldehgdrcdslroin non der Mnskidalnr zur 
Leber lenken and dadnreh eine im Vcrhdltnis zuin Insulin in 
diescr Ilinsicld antagonistische Wirknng erludten. 

Don Einflnss dor Nebennicren anf die Blnlznckcrrcgulalion 
bat C. G. Sandberg (1925) an Kanincbcn nnlcrsncbl. t)bcr- 
lebendc tolalcpine|)hrckloniierlc Tiere mil odor ohne Rindcn- 
Iransplanlal wic aucb cinscitig ncphrcklomierlc solcbc konnicn 
eine giinzlicb norinale Blulzuckcrregulalion anhveisen. Ancb 
die blulzuckcrslcigcrndc Wirknng des Adrenalins war diesclbc 
wic bei nonnalcn Ticren; dagegen licssen die ncbcnnicrcnloscn 
Tiere eine erboble Ncignng zn bypoglykainiscbcn Znslanden 
l)ci Mnskclarbeil sowic cine gcsleigcrlc Insnlincinpfindlicbkeil 
mil bypoglykiimiscben Symplomcn erkennen. Nach Thyroxin- 
nnd Adrcnalinznfnlir land Sandberg eine anhallenderc posl- 
iiypcrglykamiscbc Blnlznckerscnknng als bei normalcn Ver- 
sncbslieren, bei denen eine cnisprccbcnde Hypoglykamic nicbl 
cinlral. 

Die Sandbergsehen Beliindc warden von Lewis nnd Magen- 
ta, liallion nnd Gcajei n. a. bcsliiligl. Ancb Slca)(at nnd Itogoff 
haben die gcsleigcrlc Insnlincmpfindlichkeil nach Ncbennicren- 
enlfernnng konslalicrl. Barnes, Dix nnd Rogoff (1935) beob- 
achlelen, dass dicse Insnlinempfindlichkeit nach Adrenalin- 
z.nfubr abnabm. Die Insnliniibercmpfindlicbkeil Irill sowobl 
dann cin, wenn die Nebennicren enlfcrnt werden, als ancb 
bei blosscr Dnrcblrcnnnng dor Nerven dcrselbcn. Die 
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Autoren waren der Ansicht, die InsuHnaberempfindlichkeil 
^oelclie auch nach Hijpophysektomie auftritt, iverde von den 
Aebennieren vermittelt und bemlie auf mangelnder Adrenalin- 
bildung (vgl. VI. Absclinitt). 

'Das Adrenalin regt schon in kleinen Mengen durcli eine di- 
rekt oxydataonssteigernde Wirkung in den peripheren Geweben 
den Grundunisatz stark an. 

Uber Cortinwirkimg vgl. S. 204. 


Die Scliilildriisc 


Friedrich v. MiiUcr slellle 1893 bei der Basedowseben Krank- 
iicit einen geslcigcrlcn Sauerstoffverbraiich fest, und in dem 
gleichcn Jahre land Mendel, und aucli Vermebren, einen er- 
liohlen Eiweisszcrfall mit vermebrter Stickstoffausscheidung 
bei Th 3 ''reoideali 3 'perfunktion. Magnus-Lewy zeigte 1896, dass 
der niedrige Grunduinsatz beim Myxodem durcla Zufubr von 
Scliilddrilsensubstanz gesteigert wurde. 

Oswald entdeckte 1896, dass das vtdrksame Prinzip in der 
Scbilddriise ein jodhalliges Thyreoglobulin ist; Kendall gelang 
(?s 1914, aus demselben durch Hydrolyse in alkalischer Losuiig 
cin kristallinisches Hormon, das Thyroxin, rein darzustellen. 
Dieses besass in grossem Umfang dieselbe biologische Wirkung 
Nvie das Thyreoglobulin und die Thyreoideasubstanz (vgl. S. 178). 

Siegel bat nacligcwiesen, dass das Thyroxin den Glykogen- 
gchalt der Leber bcrabdriickt und den postmortalen Gbdeogen- 
zei-fall steigert. Nacb Tbyreoidektomie ist dies umgekclirt, und 
dcr Gl3'kogenzerJ'all nimmt ab. Bei starker Thyroxinwirkung 
crfolgt eine betrachllicbe Abnahme des Leberglykogens. Auch 
das Muskelgl3diogen sinkt, namentlioli in der Herzmuskulatur. 
Der GlykogengeJialt der Skelettmuskulatur leidet dagegen 
■\veniger. 

Thyroxin bewirkt auch eine geringere Fettbildung ira Orga- 
nisnius und eiiie verinehrte Stickstoffausscheidung. 

Eitel, Lohr und Loeser haben gezeigt, dass bei erhohter 
Scbilddrusenfunktion oder starkerer rhyroxinwirkung die Kc 
lonkorperbildung zunimmt und dcr Azetongediall des Bluies 



slcigl, uiul z^Y!u• glcichzoitig mil dcr Vcrmindcning dcs Cdyko- 
gcns. 

Friedman und Goiicsmaiui hal)cn nachgewiescn, dass die 
llypcrglykiimie und Glykosuric bci pankreasdiabelischen Tie- 
ren nacb Schilddi'iiscncxslirpalion nacblasscn und versclnvin- 
deu kunnen. Uingekcbrl haben Burn und Marks gefunden, 
dass.Zufubr von Scliilddrusonsub.slanz den Blulzuckcrgeliall 
slcigern kann und l)ei Diabclikcrn anch die Glykosurie in 
die Ilbhe trcibl. 

Die vermelirlc Vcrbrennung in den Gewcbcn durch geslei- 
gerle Tliyrcoidcafunklion nifl nacb IJotissatj und Riclli auch 
einc erbdhle Emprindlicbkcil gegon Saucrslnffmaiigcl hervor 
(vgl. S. 178 n. 200). 


Dio, Thymiisdriise 

Bomskou) gal) 1980 an, da.ss er in der Thymnsdriise ein Ilor- 
mon gefunden bal, wclcbcs kviiflig in den Kobleliydralsloff- 
wecliscl einzugrcifcn sebeinl. Das Thymusbormon koniml am 
reicblicbslcn in den Driisen junger Tiere vor, weniger bci aus- 
gCNvacbscncn, findcl sicli aber auch in andercm lymphalisclicm 
Ge^Ycbe, in der Milz und den Lymplidriiscn, ^Ycnn auch in er- 
beblicb kleincrcr Mcnge. 

Nacb Bomskom isl das Thymusbormon ein Wacbslumsfak- 
lor, %Yelcher in der Lipoidfraklion dcr T])jnmissul)stanz cnlhal- 
Icn isl. Es hat Slcrincbarakler. Die Bildung desselben in der 
Thymnsdriise ^Yird von dem Ibymolropen Hypopbysenvorder- 
lappenhormon ausgclosl, ^Yclcllcs auch einen Diabetes liervor- 
rufen kann (vgl. S. 13). 

Das Thymusbormon ^Yirkl nacb Bomskow stark senkend auf 
den Gljdcogcngeball dcr Leber, wclcbcr bci Versuchen an Bat- 
ten, Mcerschwcincben und Tauben in kurzer Zeit, binnen 0 
Stunden, auf einen Brucblcil der normalcn Werle fiel. Im Ge- 
gensatz zur Wirkung des Thyroxins erfolgt bierbei keine Stei- 
gerung des Grundumsatzes odcr des Sauerstoffvcrbrauchs. Das 
O'hymusbonnon scbcint daber nicbl vie das Thyroxin in den 
kincrgicbausbalt des Organismus einzugrcifcn.. 
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as Thymushormon verursacht nach Bomskow mch ein 
Steigen des Blutzuckerspiegels, filhrl in grosserer Dosis zu dner 
/uckerausscheidung und raft bei gleichzeitigem Insulinmangel 
emen Diabetes hervor. Andere Autoren (Rechenberger, GiUhcr( 
und Schairer, Huf und Ripke, Oberdisse, Hoepke, Anselmino 
Albers imd Athanasiou ii. a.) haben die Bomskowscben Befan- 
de nicht bestatigen konnen. und die Frage der Exislenz dos 
1 hymus'hormons und des thymotropen Hypophysenhormons 
ist mithin noch uiigeklart (vgl. S. 212 u. 345^), 


Glykogen und Vitamine 

Die Glykogenbildung ist audi von den mit der Nahrung zn- 
gefiihrten Vitaminsubstanzen abhiingig, Es handelt sich dabci 
um ein ZusammenAvirken von endogenen und exogenen Bio* 
katalysatoren, welche einander erganzen konnen. Da in diesov 
Beziebung in erster Linie der Energiebauslialt des Korpers in 
Bctracht kommt, ist das Verhaltnis der Vitamine zur Schild- 
driise von speziellem Interesse. 

Die Vitamine konnen die Scbilddriise und die Hormone 
derselberi entweder direkt oder indirekt durch Binwirkung auf 
die Hypophysenfunktion und das thyreolrope Horinon des Hy- 
popliysenvorderlappens beeinflussen. 

Es ist nicht mit Siclierheit bekannt, ob sioh die Vitamine 
direkt bei der Glykogenbildung im Organismus bcleiligcn oder 
ob ihre Wirkung auf dem Wege iiber das hormonale System 
vonstatten geht. In gewissen Fallen scheint jedoch die Hypo- 
pliyse die Wirkung des Vitamins auf den Glykogengebalt zu 
vcrmitteln. So verhalt es sioh mit der Wirkung des Vitamins 
A. Dieses scheint u. a. die Bildung des thyreotropen Hypopby- 
senvorderlappenhormons zu dampfen. Wie wir wissen biklcl 
das Vitaminmolekiil in anderen Fallen einen inlcgncrenden 
Bestandteil verschiedener Atmungsfermente; das gilt z. 
die einzelnen Teile des B-Vitaminkomplexcs (vgl. . Abschml 


* sowie Naclilrag bei der KorrclUiir S. 2.'5. 
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Vi(niniii A 

Elmer, Giedosz imd Sclicps (193.")), Eclliiujer uiid Iloch- 
y.lddl (1930) hahen gc/eii;!, das die Ihvrcolropc Wirkung cincs 
ilypopliysenvordorlappenexlrakts l)ei Mcerschwcinchcn gerin- 
ger wird, wenn gleich/eilig grosse Dosen von Vitamin A zn- 
geliilirl werden. 

Schulze und Ilundlumscu (1939) haben l)ei Ver.snchcn an 
IialU'n gefunden, dass langc verabreic.bic A-vilaininfrcic Kosl 
einc Znnalnno des lhyrcolroj)cn llormons dcr ITypophyse inn 
.'»() — -10 znr Folgo hat. Gleichzoilig wild anch die Scliild- 
drusenfunklion gcsleigerl. Reiclilicbe Znfulir von Vitamin A 
venninderl die tliyrcotrope Wirkimg der Ilypoiihysc nnd 
driickl die Fnnktion der Scbilddriisc berah. Schulze und 
lluudhauscn nabmen cinen Antagonismns zwiseben dem Vita- 
min A nnd dcr tbyreotropen Wirkung dcr llypopbyse an. 
lJurch diesen Aulufioulsinus luird dcr Glijkorjcnabbnu vom 
Vilanun A ciugeschrdnkt. 

Dor Il-Vitaminlcoinplex 

Diescr isl ein fiir den normalcn Koblcbydrat.stoffwccbsel 
und die Cllykogenbildung wicbtigcr I'aktor. Die pliysiologi.scb- 
ciiemi.scbe Wirkung </cs.sell)en wird im V. .Absclinill des niilie- 
ren erortert werden. 

Vilanun 11^ 

Nacb Iluudhauscn und Schulze nimmt die Ibyreotrope Wir- 
laing dcr llypopbyse liei Mangel an Vitamin in der Nabrung 
al). Gleicbzeilig liissl aucb die Fnnktion der Scbilddriisc nacli. 
Bei B, -Mangel wird daber die Tbyroxinliildung in der Scbild- 
driise geringcr, was u. a. cine Almabme des Glykogenzcrfalls 
in der Leber sowie einc Sinusbradykardic zur b’olge bat, welcbc 
nacb Birch-Ilarris durcb reiclilicbe Zufubr von Vitamin B,. 
nacb Parade aucb von Tbyroxin, liinnen kurzer Zeil beboben 
werden kann. 

Schneider bat gefunden, dass aucb B]-avitaminotiscbe Ver- 
siicbstiere auf das tbyreotrojie Hypopbysenbormon normal 



eagieren. Das Vitamin scheint somit u. a. die Bildmq dcs 
ihijreotropm Harmons in der Hxjpophyse anzmegen. ' 

Ba normalen, nicht Bi-avilaminotischen Tieren mit noraia- 
ler Bildung von Ihyreotropem Hypophysenliormon hat nach 
unlersuchungen von Gentzcn iind Mohr das Vitamin Bi keinen 
Einfluss auf die Hypophysen- oder Schilddriisenfunktion. 

Widersprechende Angaben iiber die Bedeutung des Vitamins 
Bi fiir die Glykogenbildung sind zum Teii darauf zuriickzu- 
liibren, dass die normalen, auf der rhylhmischen Leberfimklion 


beruhenden Schwankungen des Glykogengehalts nicht beruck- 
sichligt wiirden. 


Collazo (1923) fand, dass die Leber bei Hunden, Meer- 
schweinchen und Taubcn mit Beriberi Irotz Hyperglykiimie 
List glykogenfrei war. Aiich Skelclt- und Herzmuskulatur ^Ya- 
rcn nach 20lagigcr Fullerung mit B-vitaminfreier Kost naivczn 
glykogenfrei. Der Glykogengchalt bei enlsprechende Zeit hun- 
gernden Tieren war nach Collazo hoher als bei den avitamino- 
lischcn Tieren. 

Abdcrhalden und Wertheimer (1932 — 34) kamcn zu dem 
enlgcgengeselzlen Ergebnis und fanden bei Versuchen an Tau- 
l)cn bei B-Avitaminosc einen erhohten Glykogengchalt. Eine 
Reihe Auloren sind zu wechselnden Resullaten gelangt, und es 
sclieincn bei Taubeu und Saugelieren verschiedene Verhlill- 
nissc vorzulicgen (Schriftlum bei Edlund und HoImgrenllMO'i). 

Uiilcr Bcn'icksichligung der periodischen Leberfunklion ha- 
ben Edliuul und Holmgren (1940) bei Versuchen an Ratten die 
Frage der Bedeutung des Vitamins Bi fiir die Glykogenbildung 
ciner erneuten Priifung unlerworfen. Sie stellten fest, dass: 

1. der Lcherghjkogengehalt bei Bi-Avitaminose sinkt und 
nacli 3 Woclien ein Minimum crreiclit, 

2. der Glykogengchalt der Skelcltmnskulatar und andeiei 
Organe wiilircnd der Avitaminose eine Tendenz zum Steigen 
aufweist, aber bei lange anJialtendem Vitaminmangel auf nor- 
inale Werle absinkt. Der Glykogengchalt der Herzmuskulatnr 
isf aitch bei Bi-Avitaminose normal und konstant. Der Glyko- 
gengehalt des Gehirns zeigt bei Bi- Avitaminose erhohte V eitc, 

3. bei, Zufuhr von Vitamin Bi bei avitaminofischen Tieren 
der Glykogengchalt dor Leber slcigt, der der Herznuiskulaliir 
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:iber uiivoriiiidcrt hloihl. In (h;r Skclrllmnskulalur iiiul Ilirn- 
subslanz niinnif <las (ilykogen injlglicborwi'isc zu; dios isl jc- 
doch nicbl siclicr. Wcnn dor LobiM-f'lykoj^c'uf'obaU aiif nonnalo 
Worlc {'oslicf'cMi isl, komini aiicli f'rnsso Doson von Vilaniin 
Ut dcns(.'ll)on niolit woilcr in die llcihc Ircibcn, 

•1. l)(‘i Znfnbr von Vilainin Hi wiilncnd dor Assiinilalions- 
pbase der Leber dor Lcber{'lyko''oni'eball nicbl l)eeinflnssl 
\vird. Wil'd daf'cgon das Vilainin IL wiilirend der dissiinilalo- 
risclicn Phase der Leberperiode veiidifolgl, so sclieinl der Lo- 
1,‘Crf^Iykof'ent'eball holier zn sein als bei den Konlrollliorcn, 

5. niicli wenn Glykose fileicbzeilif* mil Vilainin H, gef'elien 
v.'ird, die Glykogenbildiing liei norinalen Tieren nicbl znniininl. 

Das Sinken des Leberglykogengclialts Iiei Ri-Avitaininosc 
kann nicbl hnliglicb aiif Stdrnngcn der Scbilddriisenfiinklion 
bernben, sondern imiss andero Ursacben liaben. Miiglicbcr- 
welsc isl cs der Ansdriick einer Inanilion infolge von Anorexic. 

Vitamin IL 

lis isl nicbl nrdier bekanni, oli das Vilainin IL eine spczicllc 
Hcdeniniig ftir die Hildiing iind den .Abliaii des Glykogons iin 
Orgaiiisinns besilzl. Da das Vilainin IL cin Beslandloil gcwis- 
.ser Almiingsfermcnle isl, iniiss die Wirkiing dc.sselben fiir die 
zclinlaren Leliensrnnklionen iiberbanpl enisclieidend sein (vgl. 
V. Alisciinill). 

Nacli Sclntlzc nnd lliindhanscn beeinflnssl das Vilainin lb. 
die Scbilddriisenrnnklion oder das Ibyreolrope Ilornion der 
Ilypopbyse nicbl. 


Vilaniin C 

Dei feblender C-Vilaininwirkiing ini Organismiis Irclcn Slo- 
ningcn des Kobicbydralsloffweclisels ein. Sebon Minkowski 
(J885) lialle das Vorkoniinen von Azelon nnd /?-0,\ybnllcrsiiiire 
bciin Skorlnil nacbgewiesen. 

Altcnbnrg zeiglc bei Vcr.snclicn an Meersclnveincbcn, dass 
der Lcbcrglykogengcball lieJm Skorbnl bcrabgcsclzl isl. Wird 
Vilainin G zngefiibrl, so slcigl dcr Glykogcngeball der Leber. 
5 
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Wenn man C-avitaminotischen Tieren Glykose gibt, nimmt der 
Wykogengehalt nicht oline gleiclizeitige Verabreichung von Vi- 
tamin C zu. Auch bei normalen Tieren steigt der Leberglyko- 

gengehalt, wenn Vitamin G gleichzeitig mit Glykose gegeben 
wird. ^ 


Das Vitamin C sdieint nadi Stepp keinen direkten Einfluss 
auf den Stoffwechsel auszuiiben, greift aber regelnd in die Hor- 
monwlrkung im Korper ein und beeinflnsst dadurch Glykogen- 
bildung imd Kohlehydratumsatz, 

Stepp j Schroeder und Altenburg (1935) haben nachgewiesen, 
dass die Askorbinsaure die Wirkung des Insulins beim Diabetes 
verstarkt und Azidose und Blutzuckergelialt herabsetzt. 

Nach Altenburg greift das Vitamin C in den Kohlebydratiun- 
satz der Leber ein und dampft den durch das Thyreoideahor- 
mon gesteigerten Glykogenzerfall. Schulze und Linnemann 
(1938) zeiglen, dass das Vitamin C den Gehalt der Hypophyse 
an thyreotropem Hormon nicht beeinflusst, obwohl beim Skor- 
but oft Anzeichen einer erhohten Aktivitat der ScMIddriise vor- 
Iianden sind. Nach Teerbruggen (1937) und Sturm, Schmidt 
und Beck (1938) mildert dagegen das Vitamin C nicht nur die 
W^irkung des Thyroxins, sondem auch die des thyreotropen 
Hypophysenliormons. 

Pfleger und Scholl (1937) geben an, dass zugefiihrte Askor- 
binsaure den Kohlehydratstoffwechsel des Organismus um so 
giinstiger beeinflusst, je grosser der Mangel desselben an Vita- 
min C ist. Wenn der Korper mit Vitamin C gesattigt ist, hat 
die weitere Zufuhr von Askorbinsaure keine nennenswerte 
Wirkung. 

Da das Vitamin C einen gesteigerten Glykogenzerfall dampft, 
wirkt dasselbe beim Diabetes senkend auf den Blutzuckergelialt. 

Sdderling und Hamne (1937) haben Diabetesfalle mit Skor- 
but besdirieben, bei welchen sich auch der diabetisclie Zustand 
nach C-Vitaminzufulir auffaUend besserte. 

Tomaselli hat bei 11 Fallen von Diabetes nach Verabreichung 
von Askorbinsaure ohne Insulin eine konstante Senkung es 
Blutzuckerspiegels gefunden. Bei Insulinbehandlung 
Blutzuckersenkung starker, wenn gleichzeitig Askorbinsaure 
gegeben wird. 
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JIumuc. (1911) hill l)ei 18 I'iillcii von Diahclcs bei Kindcrn 
die aliinonliire Ilypcrglykainio an Hand von 21Slundenkurven 
mil odor ohne Aslcorbinsiiurc vcrfolgl. Sanilliclic Fiille beka- 
mcn Insulin, und die inlravenos zugcfiibrle Askorl)insiiure- 
mengo, wclcbe glcichzeilig mil dem Insulin gegeben wurde, va- 
riierlc zwischen 200 und 500 mg. In samllichen Fiillcn bewirk- 
le die Askorbinsiiure cine Vcrslarkung der Insulinv'irkung, wel- 
cbe sicb nacb 2 Slunden slalisliscb sicbern liess und bis clwa 
(’) Slunden nacb dcr Injeklion anbicll. Dann liess die Wirkung 
allmahlioh nacb und war nacb ca. 1 1 Slunden vollig ver- 
scbwundcn. 

llei Cdykosebelaslungsjjroben an 32 gesunden Versuebsperso- 
nen und Adrenalinprobon an 22 solcbcn fand Ilamnc ebcnfalls 
cine slalisliscb sicliere Vennindorung der byperglykamiseben 
Heaklion bei glcicbzciligcr inlravcndscr Askorbinsaurezufubr. 
Das Vitamin C sebeint milbin aueb auf den .Abbau dcs Muskel- 
glykogcns unlcr dem Finfluss von Adrenalin diimpfend einzu- 
wirken. 

Einc Vorbrdiurittnfj fur die licsscntiui cincs diabctischcn Zu- 
stands i$t daber, das^ die Kost rcicb an Vitaminaubxtanzcn ist, 
tucichc :um Cdijhocirnnufbnn beitragen nder den ZcrfnII dcs 
Gliibngcns liindcrn. 
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III. ABSCHNITT 

Leber glykogen und Blutzucker. 


^ Die weite Verbreitung des Glykogens im Organismus' mil 
omer periodischen Neubildung in der Leber sogar im Hunger 
ist ein deullicher Hinweis auf die zentrale Bedeutung desselben 
fiir den Stoffwechsel. Das Glykogen steht als gespeicherle 
Subslanz im Dienste des Energiehauslialts und liisst bei seinem 
Abbaii niedermolekularc Kohlebydrate entsteben, deren wei- 
tere oxydatiive Aufspaltung die fiir den Lebensprozess erforder- 
licbe Energie liefert, 

Der Abbau des Glykogens verlauft in der Leber etwas anders 
als in der Muskulatur, Aiis dem Leberglykogen enfstebt als 
erstes Abbauprodukt einc Hexose, die Gljdcose, welche wir iin 
Blut als Blutzucker wiederfinden. Das Muskelglykogen da- 
gegen liefert als Resultat eines anaeroben Spaltungsvorgangs 
eine Triose, die Milcbsaure, welcbe teils oxydativ weiterumge- 
wandelt und teils wieder zii Glykogen resyntbetisiert wind. Die 
biocbemiscben Bealctionsprozesse werden im IV. Abscbnitt cin- 
gebender bebandelt werden. 

Die Bedeutung des Leberglykogens fiir die Blutzuckerbil- 
dung war scbon. 1903 von Pavy und Siaii nachgewiesen wor- 
den. Diese Forscber fanden, dass der Blutzuckergebalt eines 
Versucbstiers nacb Leberexstirpation standig sank. Binnen 
kurzer Zeit ging das Tier unter bypoglykamiscben Krampfen 
zugnmde. 

Mit einer verbesserten Versuolismethodik konnten Mann 
imd Magat dieses Ergebnis bestatigen. Sie stellten ausseidem 
fest, dass wiederbolte Glykoseinjektionen den Blutzuckergelialt 
steigerten und bereits nioribunde Tiere nacb Leberentfeniuno 
eine Zeitlang am Leben zu erbalten vermocbten. ^ Lavulose 
konnte in diesem Falle die Glykose teilweise, aber nicht ganz 
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Eine Minusdifferenz bedeutet Glyioseverbraucli im Organ, eine 
lusdifferenz dagegen, dass' das Organ einen Gberschuss an 
Glykose an das venose Blut abgibt. 

Auch dies macht ersichtlich, dass im Hunger nur die Leber 
dem Organismus Glykose zur Verfugung stellt, dass alle ande- 
ren Organe dagegen Blutzucker in grosserer Oder geringerer 
Menge verbrauchen. 

Infolge ihrer grossen Masse, welcbe sich auf rund 45 % 
{35—50 %) des Korpergewichts berechnen lasst, ist die Mus- 
kulalur das Gewebe, welches bereits in der Ruhe grosse Kohle- 
hydrafmengen verbrauchf, und wird dadurch zu einem fur den 
intermediaren Kohlehydratstoffweclisel sehr wichtigen Faktor. 

London und Kotschneff haben ihre Untersuchung auch auf 
den Unterschied im Blutzuckergehalt bei Nahrungszufuhr mit 
und ohne Insulin bzw. Adrenalin ausgedehnt. Sie fanden da- 
bei im Mittel folgende Differenzen in nig% zndschen venosem 
und arteriellem Blut: 



Darme 

Leber 

Nicren 

Muskcln 

Hunger 

- 9 

418 

- 6 

- 5 

» 4 - Insulin 

•• - 8 . 

+ 17 

-10 

- 5 

_ » + Adrenalin 

. . — 8,6 

4 23 

— 

— 

Kohleliydratkosl 

. . 429 

-20 

-11 

-12 

» + Insulin . . , 

.. 410 

- 9 

-18 

— 5 

» + Adrenalin . 

0 

4 9 

-10 

0 

Eiweiss-CFIeisch-) Kosl 

0 

0 

0 

0 

» 4 Insulin 

0 

0 

— 14 

U 

>» 4 Adrenalin 

0 

0 

— 10 

0 

FeU 

0 

0 

0 

0 


Jm Hunger sorgt also die Leber dutch Abbaii des leberglij- 
kogens jiir den Zuckcrbestand des Blutes. Bei kohlehydrab 
reicher Host gibt dagegen der Darmkanal einen Uberschms 
an Glykose an das Blut ab, wobei Zucker auch in der Le cr 
rnehr Oder weniger energisch zuriickgehalten wird. 

Bei den Untersuclnmgen von London und Kotschneff 
die periodische Leberfunktion keine Berucksichtigung getu - 
den; dies ware von grosstem Interesse fur die Klarung 
Frage der 24stundenrhythmischen Lebertatigkeit gewesen. 
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A 1 i men l ii re Hypcrglykiimic 

Da dcr Korper I)oim Kolilehydralumsalz in den Geweben 
und Organen Koblcbydralc umintcrbrochcn vcrl)raucht, muss 
deni lilul stiindig Glylcose zugcfiihrt werden, wenn der Zucker- 
spiegol desselbon nicbl sinken soil. Dabei crfolgl einerseils 
cine kontimiicrlicbc, den Ziichcrgnimlverbraucli im Ilungci' 
deckende Znckerzufuhr, andererseils einc diskonlinulerliche 
solcbc gclegenllich dcr Nabrungszufubr, ivclchc dcr alimcn- 
tdren Znckcraufnalnnc cntspricht. 

.Vus der Nahrnng kann nach dcr Verdauung Glyko.se dircld 
im Darmkanal rcsorbicrl werden, dann in das Bint iibergeben 
und dorl einc Blulzuckcrslcigcrung bewirken. Im Zusammen- 
hang mil dcr alimcnlarcn Rcizung bei dcr Vcrdaimngslatig- 
kcil kann aucb durcb den neurobormonalcn Regulalionsmccba- 
nismus cine Mobilisicrung von Leberglykogen mil Glykose- 
bildung und Sleigcrung dcs Blulzuckcrgelialls slallfinden. 
Zablrcicbc Unlersuclumgcn sind zwceks Klarung dcr Frage 
vorgcnommcti worden, ob die alimenlarc Hyperglykilmie cine 
Itcsorplionslitipcrgliikdmic odor cine Hciziingslujpcrghjkdmic 
ist. Man hat auf vcr,scbic<lcne Wcisc don Zcilpunkl und die 
Voraussclzungcn fiir das .\uftrclcn dcr ITypcrglykamic zu be- 
Glimmcn vcrsuchl; den Einfluss des Ncrvcnsysicms durcb pbar- 
makologisclie odor analomisclic Unlcrsucbungcn sludiert, das 
Blul vor und uacb Passage durcb die Leber verglichen, oder 
im Bbil ebemiseb cbaraklcrisierbare Koblcbydralc nacb pero- 
ralcr Zufubr dersclbon wiederzufinden gesuebt. Die Resullatc 
dicser Unlcrsucbungcn waren ivccbselnd. Zur Erljiulcrung der 
Sncblagc scien cinige Vcrsucbscrgcbnissc von versebiedenen 
Forsebern angcfiibrt. 

Eisner und Forster fanden cine rasebe Sleigcrung des Blul- 
zuckers sebon wiUircnd der Nahrungsaufnabme. Bei den Ver- 
sueben dieser Auloren Irat diesc Sleigcrung nur nacb koble- 
bydralrcicber Nabrung auf, nicbl nacli Eiweiss. Sie war von 
der Menge dcr zugefiibrtcn Kosl unabbiingig. 

Mahler und Fischawg fiibrlcn bei gesunden Versuebsper- 
sonen millels ciner Duodcnalsondc Glykoselosung in versebie- 
dene Abscbnille dcs oberen Darmkanals ein. Es ergab sicb 
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(das Schlucken dor 

Sonde bmnci. ivcn.goii Mimilcn eiii Steigen dcs Blulzucker- 
spicgcls ver/uilnssen konntc. Dcr hochsle Blutzuckerwert M'ur- 
c o (lann crhaltcn, wenn Glykosclosung in den oberen Teil des 
Jcjunnni eingcsprifzl wnrde. Oberhalb und imterhalb dieses 
Gebiets l>c\virkte die iiijizierfe Glykosclosung fiacliere Blut- 
zuckerkurven. Nach Ansichl dcr Forseber spreeben die Ver- 
suchsergebnissc fiir cine reflekloriscbe Beeinflussung der Le- 
ber voni o])erslen Darmabsdiiiilt aus. 


Klein und Hcincmann iinlersuchtcn die Blutzuckerverande- 
rimg in der Arl. radialis nacb inlraduodenaler Zufubr von 25 g 
Glykose. Sie fanden dabci bei gesunden Versuchspersonen eine 
Blut/.uckcrzunahmc erst nach 5—6 Min., oft nach kurzem 
inilialem Sinken. Bei Diabelikern und bei einer Versuebsper- 
son mil Gaslroenlerosloinie Iral die BJulzuckersteigerung 
schon nacli einer Minnie ein. Die Rdntgenkontrolle der Miin-: 
dung der Duodonalsonde ergabt in dcr Regel Lage derselben in 
der Pars descendens oder horizontalis inferior duodeni (17 
Fallc), nur bei deiu Gaslroenleroslomiefall befand sich die 
Miindung im oberen Teil dcs Jejunum. Klein und Hcineimnn 
ge])en an, dass die lilulzuckcrslcigerung normalerweise ^Yah- 
rend der erslcn Minulen konlinuierlicb erfolgt, dass aber die 
Biutzuckerkurve nach 8 — 10 Min. eineu reinittierenden Verlauf 
mil kurzdauernden Osziliationen annimmt. Bei Diabelikern 
und bei dem unlersucblcn Fall von Gaslroenierostoiuie zeigten 
•■icli die Osziliationen schon anfangs. 

Kiirzdauernde SchNvingungen im Blulzuokergehalt batfe 
sebon Karen Marie Hansen l)eim Diabetes in sowobl arteriel- 
lem wie venbsem Blul gefunden. Dicse Sebwingungen wurden 
fiir einen Ausdrude der Wirkung des vegetativ-nCTVOsen Re- 
gulaiionsapparats gehallen. Ob sic eine Manifestation antago- 
nist isch wirkender Krafle der Blulzuckerregulation sind oder 
auf einer Ungleicbmassigkeit des Blutzuckerstroms aus dei 
Leber Ijcrulien, diirfte nidit leiebt zu entscheiden sein. Die 
Reizungshyperglykamiekurve soli nach Klein und Heinemann 
durch dicse Osziliationen ahr charakteristisebos Geprap erbal- 
ten; sie solleai bei Resoi-ptionshypcrglykiimie fehlen. Klein und 
Holzer, Albritton u. a. konnlen die Untei'suchungsresultate von 


A’. M. Hansen bo-slaligon; Nielsen dagegen war nichl iinslaiulc, 
die,so kurzdauornclon Hlulzuckcrvarialioncn nachzmveiscii. 
Walir.sclioiiilich isl das Idu'inoincn nichl konslanl. Es isl indg- 
licli, dass dicso O.szillalioncn die Ursachc dafiir l)iIdon, dass 
zwischen Doppclprohon Irolz niimiliiiscr Tcchnik l)ci den 
IMuIzuckerlx'sliininnngen inanchinal ein Judraclillichor Unlcr- 
scl)icd Ijoslold, ein Uinsland, aiif wclclion n, a. Slanb aiifjnerk- 
sam geniachl lial. 

Chaliovilch und Arnnt)let>ilch hahen Ilyiicrglykiiinic nach 
inlraperilonenlen Injeklionen v<»n Honillon, Peplon imd Ka- 
seinldsimg nachgewie.son. 

Grnnke lial lirgoloxin venvendel. welches die Nervenendi- 
gungen in der Leher lalnnen s 61 lte, und daljei gefunden, dass 
die aliinenl/irc llyperglykainickurve nacli Glykose einen I’la- 
cheren ^’erIauf erhall. 

Heteniji und Ptujdtttj hahen ehenfalls konslalierl, dass die 
aliinentare Ilyiierglykaiuic nach einer vorher gegchenon Ergo- 
lamindosis aushiciht, und /.war sowohl nach ])eroralor wic 
naclj inlraduodenaler Glykosezufulir. Nacl> inlravcndser Gly- 
kosezufuhr heohaehletcn die.se Auloren dagegen ein langsnmc- 
rcs Ver.sehwinden de.s Blulzuckers. Dies konnlc so gcdculcl 
werden. als oh die poslalinienlare Ilyperglykiiinie cine durch 
den Syni|)alliic.us ausgeldslc Reizungshyperglykaniie wiire. 

Pnllal; versuchlc hei Kaninclien, den Synii)alhicus durch 
Ergnlainin und den Para.syinpathicus durch Alropin auszu- 
schallen. .Sowohl mil I'h'golamin wic mil Alropin vergiflclc 
Tierc wicsen nach jjeroraler Zuckerzufuhr wechselnde Blul- 
zuckerkurven auf. Die Mchrzahl der Vcrsucho sollle doch cine 
depiavssorische Wirkung de.s Ergoloxins auT die j)Oslalimcnlare 
Jlypcrglykamiekurve demonslricren. Bei inlravendscr Glyko- 
sezufuhr wurdc dicse Beeinflussung nichl hcohachlel. Durch 
Komhinalion von Ergolamin und Alropin soli sich die posl- 
alimenliire llyi)erglykamie nach Poliak vollslandig tmlcr- 
driicken lassen. Dies hcruhl .seiner Ansichl nach auf einer 
maximalcn Zuckerrelenlion in der Leher. Das vegelalive Ncr- 
ven.syslcm slelll nach Poliak einen fiir die Verleilung der aus 
der Nahrung slammenden Kohlchydrale zwischen der Leher 
und perij)heren Gewehen wichligen Faklor dar. 
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lorllkr h„l « 0 /ciBl, d«ss dns Erg„„„„i„ „„f <je„ vasomolo- 
nsclK-ii Appanil dcr Leber cimvirkt, wnd auf die Moslichkeil 
Inngcwicson, dass die nervdse Rei/.wirkimg auf die Leber hicr- 
durcli crfolgen kdnnlc. 

Bremer iiful Lcclcrq Vcrsuchc an Hunden und Kat- 

>'cn nach <Ioppel5:ciligcr Durclilrcnnung der liinlcren Wurzeln 
Z'Wschen Ganglion und Kuckcninark, Segment C VII — Th III 


enlsjmecbend, vorgenoinmen. Sic knmen nach cingehendem 
Studium des ne.izungsclfekts zu der Ansiclif, dass es wirklicli 
glykoRckrclorischc Nervenfasern gcho, Avclche dann durch den 


N. splanchnicus verlaufen und koine vasomotorisclien Veran- 
derungen in den Bauchorganen vcranlasscn sowie auch keinen 
Einfhrss auf die Ilerz- Oder Atinungstftfigkelt aiisitben. Burch 
weiterc Unlersuchungcn an nebcnnicrcniosen Kaizen glauben 
Bremer und Lcclcrq erwicsen zu hahen, dass zwei Arlen von 
hyperglykninisclien Hefiexen exislicren niiissen: einmal zen- 
trale, welche voin N. depressor vcmiitlclt Rverden und cine 
Krwcilcrung der Gefassc dcs Bauches bewirken, sodann solche, 
die durch j)cripJjerc Bcizung ausgclosl werden, Segment C VII 
— Thill durchlaufcn und auf <lcm Wege iiber den Sympa- 
thicus und die glykosckrclorischcn Fasern desselbcn vonslat- 


Icn gehen. 

Von der Bedeutung des Ncrvcnsyslems fiir die Blulzncker- 
rcgulaliou wird im VI, Abschnitt noch dcs ujiheren die Rede 
scin. 

Wenn auch vide dieser Bcobachlungen sich in dem Sinne 
dculon lassen, dass die postalimcntfirc Hyperglykamie einc 
Bcizungsiiypcrglykamic scin kann, gibt cs doch anderc, ^^elche 
weniger Jciclil durdi die RoizAmgslhcoric crklart werden, viel- 
mchr cine Bcsorplionshyperglykamie als das Wahrschem- 

lichcrc Iiinstcllen. . t i 

Gninkc und Ucssc haben versucht, bei Kaninchen die Leber 

glykogenfrei zu machen, so dass Adrenalin keine Hyperglyka- 
mie bewirkte, urn dann die alimcntarc Blulzudverkurve na i 
peroralcr Glykosezufuhr zu sludieren. Die glykogenlose Leber 
vvurde in diesein Falle niclil imstajule sein, Material fiir erne 
ReizungshjTierglykamie zur Verfiigung zu slellen. Die y ' 
selosung wtirde millels Magensonde zugefiihrt und Kon lo - 
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vcrsuche mil Wasscr vorgenommen. Nach Reduzlcrung des 
Gljdcogenbeslandes durch Hunger und Arbeit konnle die Adre- 
nalinhyperglykiimic ausblciben, aber die alimenlare Hyper- 
glykiimiekurve wics denselben Verlaiif wie bei Normaltieren 
auf. Die Lebern waren bei den meislen dieser Versuchc so 
glykogenarm, dass Glykogen mil der Pfliigerschen Methode 
nichl melir nacbgcwicsen wcrden konnle. Die Blutzuckerkur- 
ve begann Irolzdem scbon nach 10 Min. zii steigen. 

Gigon nabm Versuchc an mil Atlicr narkolisierlen Hunden 
vor. Glykose wurdc per os gcgcbcn und der Zuckergebalt di- 
rekt im Blut aus der V. porlac und V. bcpatica unlcrsucht. 
Dabei wurdc beobacblcl, dass die Leber wiibrcnd der crsten 
lialben Sfunde den resorbicrlcn Ztickcr obne Retention passie- 
ren licss, dcnn der Blulzuckcrgeball war in beiden Gefasscn 
dersclbc. Erst spiilcr Irat cine BlulzucJcerdiffcrcnz auf. Nach 
Gigon soR die Glykogcnbildung nicbt cbcr in Gang kommcn, 
als der Zuckcrbedarf dcr peripbcrcn Gewcbc gedcckt ist. Die 
alimenlare Ilyperglykiiniic boric scbon auf, bevor der Magen 
gclccrt war. Bei Versueben an Ziegen mil einer Kaniile im 
Ductus tboracicus fand Gigon ferner, dass der Zuckergebalt 
dcs Cbylus nacb Glykosezufubr mil dem Blulzuckcrgeball in 
der V. porlac Hand in Hand ging. 

KatsSnra bat bei vcrgleicbcnden Unlcrsucbungen keinerlci 
Belcg dafiir crbaltcn, dass die Koblcbydralrcsorption aus dem 
Darm auf dem LjTnpbwcgc slallfindct; or biilt den Zuclcerge- 
balt dcr Lynipbc fiir cine sekundarc Folgc der Blutzuckcrstci- 
gerung. 

Borodulin wiederbollc die Gij/onsclien Versuebe an mil 
Morpbium und Albcr narkolisierlen Hunden. 20 g einer 30- 
%igcn Glykosclosung wurden direkt in den Darm eingesprilzt. 
Borodulin fand da, dass der aus dem Diinndarm durcb die V. 
portae kommendc Zuckcr teilweise in der Leber zuriickblieb 
imd zum Tcil immillelbar in den grossen Kreislauf gelangtc, 
wo derselbe cine Hyperglylcamie bervorrief. Der in der V. be- 
palica auftrelcnde Zucker soli nacb Borodulin nicbt aus dem 
Leberglykogen stammen. Ebensowenig soil die Narkose den 
Zuckerumsatz dcr Leber beeinflusscn. 

Satnkc und Fujii sowic Conti baben iibnlicbc Versuebe an- 



G2 


gcslclli Sic konslalierlcn, <Iass die Blidzuokerdiffcrcnz, in dev 

'■ ' ” bci inleslinaler Zufuhv von Glykosc 

(Iicscll)c isl wie l)ci inJravenoser. 


Eisner fancl hei Veivsuchen an Kaninchen mil Glykosezufuhr 
durch cmc Ma-ensonde schon nach 3 Min. cine Hyperglykamic. 
In der V. porlaa war die Bhdzuckerzunahine rascher imd star- 
ker als iin pcTiplieren lllut. Bei ahnliclicn Versuchen init La- 
vnlose liess sich einc dciilliche Blutzuckcrcrhdhung ira Venen- 
l)lut bcrcils nach I — P/o Min. heobachlcn. Nacli 3 Min. konnle 


LtUulu.se ini Blul der V, jiorlac nnd nacli 4 Min. iin periphereii 
Vencnblul cjiejni.scli nacbgcwiesen werden. Dabei ergab sich 
ein lidlierer Blulzuckergcliall, als cs dcr Lilvuloscmenge ent- 
sprcchen wiirde. Eisner nabm an, dass soavoIiI cine Reizungs- 
als auch einc Hesorptionshyperglykaniie vorlag. Das Ober- 
wiegen der clnen orlor andcren Art soil n. a. vom Fiillungsgrad 
de.s Magens nnd Dannkanal.s sowic voin funklioncUen Zu- 
stimd des vegeta liven Nervcnsysleins abliiingcn. 

Kronberijcr nnd liadt fiihrlcn ahnliclie Lavulosevcrsuche 
an Kaninciien au.s, wclcbe 24 Slunden king gcbungcrl batten. 
Sclion nach 2 — 5 Min, lies.s sich Lavnlose im Vencnblut nacli- 
weisen, gcwohnlich in gerhiger Menge. Die Autoren konnten 
keinen besliminlen Parallelismus zwischen Blulzucker- iind 
Ivavulosekurve finden. Bci einem Vcrsuch konstatierlcn sie 
Blulzuckerslcigcrung obnc Lavnlose, bei einem anderen be- 


ruble die Uj'iiorglykamie fast ausscblicsslicb auf der Lavnlose. 

Loewcneck nnd Wuchsnuith baben Ergolaniin-Atropinvei- 
suchc an Hunden mil Eckscher Fislel nnd nach peroraler Zu- 
fuhr von Lavnlose vorgenommen. Sie slellten dabei fest, dass 
sich die poslalimentarc Hyperglykamic mitlels Ergotamin im 
wcscntlichen nnlcrdriicken liess, im Einklang mit den Postula- 
Icn dcr Reaznngstbcoric. Einc geringere Blutzuckersteigening 
blieb jedoch beslchcn, nnd diese enlsprach der im Blute nac i- 
iveisbarcn Lavnloscmenge. Loewcneck nnd B achsmut i ) 
merken indessen, dass sie die angewandte kolorimetriscbe 
Melhodc nach van Crcvekl in gewissen Fallen als mcht spezi- 
fisch befunden baben, da sie auch obnc Lavnloseznfubr eme 

positiven Ausschlag geben konnle. r’-./.r 

Depisch nnd Hascnohrl stehen wie Barrcnschcen imd l^Asie 
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u. n. aiif dcm Sliuulpunkl, cs miissc zwci Typc'ii voii normaleii 
poslaliiiienlarcii IlyporRlykiiniiekurvcn {,'cl)cn, nanilicli dcii Re- 
sorptionstijinis, dor von nicdn{,'or llypor{,'lykainic gckennzeich- 
nel wird, ohnc nachrolgcndc Hypoglykaniic, und der walir- 
soheinlich oin Anzoiclien gesteigcrlcr Zuckor,sj)eichcrung in der 
Leber isl, sowie den Rciztiiujs- odcr Assimilalionsltjpas mil 
starker nnd pliilzlich einselzcndor, von eincr mehr oder weni- 
ger denllicbon liyi)ogIykamischen Phase gcfolglcr Hyperglykii- 
mie. Dieser Typns bcndie wahrscheinlich anf crliohlcr Mobili-. 
sicrnng von Lel)crglykogen mil dann folgender vormelirlcr 
Zuckerresorplion in den Gewebon als Reaklion. 

Ascitcnhrim veisi \vie Iloritichi anf die Redenlimg des Tunk- 
lionsznslands des Darmepilbols fiir die poslalimentare Ilyper- 
glykiimie bin. Mcriz nnd Romitujvr vcrsitcblen exj)erimcnlell 
Klarheit iiber don Znsammenhang zwiscben alimentarer ITy- 
pcrglykiimie nnd Darmrosorplion dnrch Glykosebelasiimgspro- 
bcn mil und ohne gloicbzeitige Anwesenheil von Gerbsaiire 
zii gewinnen. Sic fandcn dal)oi so erlieldiclie Unlcrscbicde, 
dass sic in Cberoinslimmung mil ScJkkIc die Ansichl ausserlcn. 
der kolloidale Zusland der Darmschlcimbaut nnd die Rcsorp- 
lionsverhiillnisse im Darm warcn fiir die Form dcr alimcnlii- 
ron llyporglykiimiokiirvc eniscboidond. lis isl jedocli niclil 
moglicli, ans dem Rlnlzuckergeball Riickscbliissc anf die Re- 
sorplionsverbiiltnisse im Dann zii ziohen. vas scbon licrgmorU 
bervorgobobcn lial (vgl. S. 79). 

Polldk nimml das Vorbandcnscin oines unbckannlen Mc- 
ebanismus an, durcb dcsson Wirkung der aus dem Darm anf 
dem Woge iiber die V. j)orlae kommcndo ZncJcer qnanlilativ in 
dcr Lel)or Anfnabmc finden kann, olme dass der Zuckergeball 
dcs peripberen Rlnlcs zn sleigen brancbl. Normalcrweisc l)ildel 
dieser Mccbanismus cine Scbrankc zwisclien dem Koblebydrat- 
strom aus dem Darm nnd den peripberen Geweben, er wird 
aber nach Poliak dnrcli Funklion dcs vegelaliven Nerven- 
syslcms ansgescliallel. 



Der BIntzuckergehalt als Gleichgeivickszustaiid 

Die Schwankungen des Blutzuckergehalts kommen durcli 
Interferenz zahlreicher Faktoren zustande. Ein Blutzucker- 
wert ist daher an und fur sicli cine in hohem Grade komplexe 
Grosse. Neben der dem Blute zugefuhrten Glykosemenge ist 
fur den Blulzuclcerspiegel noch das Quantum von Glykose be- 
stimniend, welches in der Zeiteinheit aus deiri Blute verschwin- 
det. Ein konslanter Blutzuckergehalt setzt ein Gleicligewiclit 
z%vischen zugefiilirter und dem Blute entzogener Zuckermenge 
voraus. 

Die Glykose, welche aus dem Blute verschwindet, kanu in 
Geweben und Organen verbrannt, als Glykogen in der Leber, 
den Muskeln und anderen Geweben gespeichert, oder evti. in 
Fett umgewandelt werden, das als Depotfett gesammelt wird. 
Sie kann aucli, in Organfett verwandelt, am Fett- und Lipoid- 
umsatz der Icbcnden Zellen teilnehmen. Dbersteigt der Zucker- 
gehalt im Blut einen bestimmten Schwellenwert, so wird aus- 
serdem cine gewisse Menge Glykose im Urin ausgeschieden. 

Ein neurohormonaler Regulationsmechanismus, im VI. Ab- 
schnitt eingehender behandelt, halt den Blutzuokerspiegel un- 
ter normalen Verhiiltnissen im BereicJi enger Grenzen; die 
Werte schwanken im Hunger zwischen 0,08 und 0,12 bei 
Nahrungszufuhr mit Blutzuckerstdgerungen normalerweise 
bis 0,18 % (s. Abb. 13). 
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Abb. 13. Normale BlutzuckervanaUonen wahrend des „ pett 

zufuhr. Die Pfeile geben einfaeitliche UahUeiten ^ ‘ ^ 

und 21,6 g Kohlehydrate pro MahJzen). 
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Dcr iiormalc I31ul/ucker isl cine redii/.iercnde Hexosc, welche 
man fur cine Form dor Glykosc halt (vgl. S. 98). Dcr Blul- 
zuckcrgehall wird daher gewolmlich durch das Reduktions- 
vermogen dor Ilcxose l)esliinml, Bei Storungen im Koldehy- 
dratumsalz, z. B. bci gewissen Diabetesformen, Irclen aucb 
andcrc reduzicrende Sloffwccbselprodiikle, die niebt den Clia- 
rakler dcr Ilcxoscn baben, aiif, was die Bcstimmung der wirk- 
liclicn Hexose crsclnvcrl. Einc Voraussclzung fiir die einwand- 
freie Fcslslcllung dcs Zudvcrgcbalts im Bbilc ist daber in vie- 
len Fallen cine genauere Analyse der Koblcbydralc dcs Ictz- 
teren. Da cine dcrarlige Anah’se bcini kliniseben Blutzuckcr- 
sludium ziir Zeil in grosserem Umfang niebt stattfindet, wird 
nocb iniiner die Bezeiebnung tliUilzuchcr^ ah cin Sammclbc- 
griff fur die rcduzicrcndcn Kohlchgdralc dcs Bhitcs, wclche 
nicht wit dem niiitciwciss ansgcfallt warden, verwendet. Un- 
ler normalen Verbiillnisscn entspriclit der Glykosegebalt das 
Bbilcs dicsem Bcgriff ganz gut. Beim Diabetes dagegen kon- 
nen andcrc reduzierende nicdermolekularc Koblebydrate vor- 
banden scin, wclcbc Glykosc ganz odor tcilwcisc ersetzen und 
im Encrgicbausbalt dcs Organismiis cine Rollc spielen. Hier- 
von wird im VIII. Abscbnill S. 286 nocb die Rede sein. 



Abb. 14. niiilziickervnrialioncn wahrend dcr 21Stundcnpcriodc im Hunger bei 
cinem Fall von Diabetes (nach IJatlchol). 



(iO 

Bei Slovungen der neuroliormona- 
l6ii Regulation iin Zusammenhang 
mil Verjinderungen im Kohleliydral- 
unisalz inaclien sicli melir oder w'e- 
niger starke Flukluationen des Blut- 
zuckergehalts bemerkbar. 

Bei Fallen von schwerem Diabe- 
tes fand Hallehol (1924) an Hunger- 
tagen einen regelmassigen 24slun- 
denperiodischen Wechsel des Blul- 
zuckergehalts, mit in den spaten 
Nachtstunden steigenden, wahrend 
des Tages aber sinkenden Werten 
(Abb. 14). 

Abb. 15. Sponiane Blutzuk- Hatleliol benierkle einen gewisr 

S NSnSLlufeSi Zusammenhang zwischen dem 

der Bluizuckerspicgel urn 15 Schlaf und diesen VeranderuDgen 

Uhr auf untcr dem Mor- (jgg Blutzuckerspiegels. 
genniichlernwcrt licgcnde ^ ° 

Wcrie. Die Pleile geben Bei Nahmngszufuhr hatte schon 

Afalilzeiicn .an. Kcin Insulin. Petren (1923) bei gewissen Diabeli- 

kern spontane Blutzuckersenkungen 

beobachlet, welcbe ihm ein Ratsel waren, Der Blutzuckergehalt 

kann dabei Irolz Nahrungszufuhr auf Werte sinken, welcbe den 

Niiclilernwert iinterscbreiten (Abb. 16). 

In anderen Fallen treten sponiane Senkungen Aveniger hervor 

(Abb. 16). 

Die Neigung zu spontanen Blutzuckersenkungen schwankt 
von Tag zu Tag. Dieselben machen sich beam Diabetes am 
deutlichslen bemerkbar, Avenn die Kohleliydratzufuhr der To- 
leranzgrenze entspricht. Bei starkerer Koblebydratbelastung 
konnen die spontanen Senkungen verschAvinden, man fmde 
hierbei aber an den betreffenden Zeitpunkten eine veranderte 

Keaktion auf zugefiihrle Nahrung. 

Dies zeigt sich da entweder in einer geringeren und rascii 
vorubergehenden postalimentaren Blutzuokersteigerung o er 
als edne verspatete glykamische ReakUon bei Nahrungszufuhr 
(vgl. Abb. 17). 
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Abb. iG. Bluizuckerkurvcn bei Nahrungszufuhr. Die Pleile bezeichnen einheit- 
liche Mahlzeiten (7,4 g Eiweiss, 17,3 g Felt und 21,6 g Kohlehydrate pro 
Maldzeit). a normale Blutzuckerregulation. b miltelsehwcrer Diabetes, 
c schwerer Diabetes. 



Zeif 

Abb. 17. Tagesvariationen des Blulzuckergchalls bei Diabetes. Die Pfeile geben 
einheitliche Mahlzeiten (24,4 g Eiweiss, 37,2 g Fett und 32,1 g Kohlehydrate 
pro Mahlzeit) an. Am ersten Tage (26.3.) macht sich eine spontane Blut- 
zuckersenkung mit einem Minimum um 12 Uhr bemerkbar. Am nachsten Tage 
herabgesetzte glykamische Reaktion wahrend der Zeit 10 — 14. 


0 



68 


Der Eiiifliiss des Leberrliytlimiis aiif den 
Blutzuckergelialt 

JPur den die Leber verlassenden Blutzuckerslrom ist das Ver- 
baltnis zwischen Bddung und Abbau des Leberglykogens bc- 
sbmniend. Wahrend der assimilatoriscben Phase* der Lebcr- 
liitigkeit ist die Glykogenbildung starker als der Zerfall. Da 
bat der Blutzuokerspiegel die Tendenz zu sinken. Walircnd 
der Dissimilationspbase dagegen erfolgt der Abbau lebbaftcr 
als die Neubildimg. Der Blutzuckergehalt bat da eine Neigung 
zum Steigen. Diese dem Blutzuckergrundstrom entsprccbeu- 
den Blutzuckerfliiktuationen treten aucli ohne Nahrungszufuhr 
auf und decken sicb mit den von Hatleliol bei schwerem Dia- 
betes gefundenen periodischen Blutzuckersteigerungen im 
Hunger. 

Bei intensiverer Glykogensynthese nimmt die Faliigkeit der 
Leber, Koblebydrate zuriickzuhalien, zu; die Kohleliijdraiaffi- 
nitat der Leber steigt. WiOirend des Dissimilationsstadiums 
sinkt dagegen die Kobleliydrataffiniliit. Infolge der grossen 
Glykogenkapazitat der Leber ist daJier die rhythmische Leber- 
fimktion ein wicbliger Faktor, der manclimal fiir den Wecbsel 
des Blutzuckergelialts entscbeidend werden kann. Die sponla- 
nen Blutzuokervariationen, welche sicb beim Diabetes biswei- 
len sow'ohl im Hunger als aucb bei Nahrungszufuhr beobach- 
teu lassen, sind wahrscheinlich ein Ausdruck von Schwan- 
kungen in der Kohlehydrataffinitat der Leber. 

Der Verlauf der Blutzuckerkurve nacb Nahrungszufuhr isl 
leilwedse von der Lage des Zeitpunlcts, auf ■svelehen die Mahl- 
zeit fallt, im Verhaltnis znr assimilatorischen oder dissimila- 
torischen Tatigkeitspbase der Leber abhangig. In dem einen 
Falle tritt eine rascher voriibergehende Blutzuckersteigerung 
ein, evti. von einer hypoglykamischen Phase von dem Typus 
gefoigt, welcher als eine Reizungshyperglykamie cliarakten- 
siert worden ist. Im anderen bekommt die Hyperglykamie 
einen protrahierteren Verlauf vom Typus der ResorpUonshy- 
perglykamie. 

Das Verhaltnis der Blutzuckersteigerung zur rhyUimiscben 
Lebertatigkeit ist indessen ein komplizierteres Phanomen. Ne- 



00 


J)cn der gro.sscn 2-JSliindeJiwdle der Leberl/iligkeit Iniifen jene 
iibcrlagenulc kur/.periodische Schwankungen, was l)ci Belrach- 
liing der in Abb. 0 wiedergegcl)enen Gallensekrclion.skiirve 
klar crsicbllicli wild. Da die Gallenabsonderung in gewissem 
Masse mil der Glykogonbildung abwocbsell, muss aucb die Le- 
berassimilalion knrzporiodischen Schwankungen imlerworfen 
sein. Ausscblaggelx'ud I'iir den Vcrlanf <ler alimenlaren Blul- 
zuckerkurve wird da das 'zeillicbc Vorhiillnis der Mahlz.cilen 
z.u diesen knr/.periodiscbcn Varialionen liei der Lcberlaligkeil. 
llierdurcli erball die alimenliirc Bluluckersleigerimg in iiobem 
Grade den Charakler einer Inlerfcrcnzkitroc. Eine geringfiigige 
z.eilliclic V'erscln'ebimg der inlcrferiercnden Vorgiinge — des 
Nahrungsreizes nnd der Leberlaligkeil — kann die Geslall der 
b'nrve in ganz vcrscbicdener Weise vcriindern (vgl. Abl). 18). 



Ahh. IS. Wccliscliiclcr Verlnuf der Bhilziickcrkiirvc bci Diabetes an vcr.scbie- 
(Icncn Tageii I)ei geiian glciclier Kosl niid Lcbcnsweisc infolge von Inlerlerenz 
zwisciteii endogenem Hhylliinns nnd Wirknng dcr Maldzcilen. Die Pfcilc l)eden- 
len eitdieillielic Mahlzeilcn. Man lieachlc die sicigenden Nuelilernl))nlzueker- 
Nvcrle Yor dcr crsicii Mablzeit. 


I-s isl aus diesem Grunde nolwendig, durch mebrere Tages- 
vcrsuche die knrzperiodiscben Vai'ialionen der Leberliiligkeil 
soweil moglich auszugleichen, wenn man das Verhaltcn des 
Blutzuckers zur 24stundenrhylhmischen Tiitigkeit der Leber 
verfolgen will. Dies kann durch eine Serie von Tagesversuchen 
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Abb. 19. Uhilziickcrkiirvfiii von ffinf Tagcsvcrsnchcn ziir Bcrccliniing der 
^-Diffcrcnzkiirvc iind dcr cndogcncn Varialioiistcndcnz dcs Blnlzuckcrgchalts. 



Abb. 20. Schema zur 
Bcrcchnung von 
Phis- und Miiuis- 
ditferenzen. 
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Abb. 21. i’-Differenz- 
kurve von fiinf Tages 
vcrsuchcn in Abb. 19. 


gescliclien, bci wclchcn die gleiche Nali- 
riingsmcngc auf cine wccliselnde Anzahl 
von im Verhallnis zueinander verscliobe- 
nen Mahlzcilen verleill wird (Tab. 6 u. 
Abb. 19). 

Dabei erhall man cine Anzahl Blulzuk- 
kerkurvcnmil’vvecbsclndem ^^erlauf. Wenn 
diese Blutzuckci-knrven mil Riicksiebt auf 
die Blulzuckcrdifferenz an bestimmteu 
Zcilinlervallen analysiert (Abb. 20) und 
die Differenzen v'on korrespondierenden 
Zeilabschnillen summiert werden, erhall 
man eine .2'-Di£ferenzkurve, in der zufallige 
Slorungcn ausgelosclil sind, wo aber die 
konslanl vorkommende, samllichen Kur- 
ven geineinsame Varialionslendenz deulli- 
cher zum Vorscliein komml. 

Wenn Veranderungen des Blulzuckerge- 
halls nur von alimenlaren Impulsen be- 
sliniml werden, wird die 2'-Differenzkurve 
bei Verschiebung der Mahlzeilen gegenein- 
ander eine gerade Linie. Sind dagegeh en- 
dogene Fakloren periodischen Charaklers 







nr den ^ erlauf der Blulzuckerkurve milbestimmend, so snic- 
ge t sich dies in der 2"-Diffcrenzkurve wider. Eine derarlige 
I'lilersuchnngsscrie wird in vcrkiirzler Form in der Tabelle 6 
Scilc 70 iind in vollsUindigerer Diagrammform in Abb. 19 
wiedergegeben. Die MaWzeilen werden aus dem Diagranim 
tindTabellc ersichllich. Bei diesem Fall bestand keine Ketomirie. 


Die ^''-Differcnzkiirve (Abb. 21) zeigl bei diesem Fall, dass 
der Blulzuckergeball willirend der Zeit 13—15 Ubr weniger 
von rcsorbicrler Nabrung bceinfliisst wird als wahrend der 
i’tbrigen Zeilen am Tage. Auch die Zuokerausscheidung ver- 
sdiwindel in dieser Zeit. Dies deutet darauf bin, dass der Or- 
ganisinus da cine gcslcigcrle Neigung bat, Koblebydrale zii- 
ruckzuballen. 


Bei Kwei Kontrollvcrsucben erbielt dieselbe Versuchsperson 
die gesamte Nabrungsmenge fiir die 24Stundenperiode in 
eincr Mabizeit, cinmal nm 8 Ubr, das andere Mai um 13 Uhr. 
Bcide klalc Irat cine alimentarc Blutzuckersteigerung ein (vgl. 
Abb. 22). Die Blutzuckerkurve belcomnit jedodi an den bei- 
den Tagcn cinen versebiedenen Verlanf. Wenn die Mabizeit 
nni 8 Ubr gegeben wird, folgt die maximale Blutzuckersleige- 
rung liercils binnen zwei Stiinden, wonacb der Blutzuckerspie- 
gel ununlerbrocbcn sinkt. Wird die Mabizeit dagegen imi 13 
Ubr verabreiebt, so tritt nacb der initialen raseben Blutzuk- 
kerzunabme eine fortgeselzle langsame Stcigerung ein, wobei 
der Blutzuckergchalt sein Maximum erst nacb fiinf Stunden, 
iini 18 Uhr, erreiebt. Dies stimmt auch mit dem Verlanf der 
2'-Diffcrenzkurve in Abb. 21 iiberein. 

Das ’\''erhalten der Zuckerausscheklung Avahrend der beiden 
Konlrollfage (Abb. 22) liefert einen weiteren Beleg fiir die An- 
nahme, dass in diesem Fall die Reaktion des Organismus auf 
die zugefiibrte Nalirung am Morgen und in den Mittagstunden 
versebieden ist. Wird die Mabizeit um 8 Uhr gegeben, so triil 
cine raseb rorubergebende Znekeraussebeidung auf, welchc 
1,8 g in 2 Stunden entspriebt. Fallt dagegen die Mahlzeit au 
13 Uhr, dann wird der Verlanf der Zuckerausschddung_pro- 
trahiert, und die ausgeschiedene Menge betragt in diesem e 
nur 1,4 g wahrend 5 Stunden, in volliger Ubereinstunmung 
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mil (loin dor Ziickornusso.hcidun^' in dor — -Difforon/,- 

kurvc alls den fiinf 'rayi'svorsuclion (AM). 21). 

Hoi soliwororon I'nrmon von Dinbclos mil Iioclijiradigor Ko- 
loinirio hokominl dio — -Dirforon/kurvo hoi Nalirungs/.nrulir 
oinon gloiclnnassigi'r his anf oinon asyinplolisohon Gron/.worl 
wiihrond dos 'I'agos sloigondon Vorlanl' (.Mih. 2:5). 






.ll'fi. Z«ci KiinliiilhciMiclu’ fur ilio .i’- 
Diltrn'iirkurvr in .Mili. 'Jl. Dio t>os:iiiilo N.ili- 
rmi);>.iiioii(ji' wiirdi’ in oinor .Mnlil/cit nm .S 
lirw. IS I'lir voniliroiohl. Vorlnuf und M:i\i- 
nnnn ilor .ilimcniriron Itliit/iiokorknno rdin- 
liol) <lor ^'-Difforonrknrvo (.MiIp. 21;. 


Mh. 2.>. r-Ditfeiciir- 
lairvc lici solnvorom 
Di.ibctcs mil stnrlu'r 
Kclomiric. 


Diene Vcrsiiche leliren, dans (lie (ilimenltlre lihitzuclicrstci- 
{lenituj (lurch cml(y(jeuc I'ahtorcn modifiziert wird, luclchc im 
Ldiifc des "■liSiundeimbschuitls jierindisch lucchscln. Dcr ivceh- 
nclude Veriniif dcr (dimentdren lilnlzuckcrhuruc sowie dcr ver- 
scldedciie Churtdder dersclbeu (Ucsnrpliom- odcr Assimila- 
tiousliijnis) ist non dem Zeitpunkt in bezng uuf den endogenen 
lUigllimus und die pcriodische Lcbcrldligkcit (d)h(ingig, auf 
irelchcn die Mahizeit fCdit. 

Dio Kolonkurperhildnng findcl in dor Lol)or slall nnd selzt 
l)oiin Sinken dos Li'hcrglykogengohalls oin (vgl. S. 151 ff.). Bci 




(!('r Kd)i’r, Kolilohydiali' zuriickzuhnlU'n, ali. Dio Zuokorcliu- 
ro.so fjolil closlialb in <lor Ho{»ol don Sclnvankiingon dos Blul- 
/nckorspiogols parallol. Ans dicsoin (Inindc variicrl hci cinoin 
Diabolikor auoli bei glcichbloibondcr Nabmngszufubr die 
Zur.koranssolioidung von Tag zu Tag, jo naoh don ondogenon 
Dinslolhingon dos Organisinns mil den wccbselndon Heaklioncn 
aid' zugofiibrlo Nalining. ban diesboziiglicbos Beispicl gibl die 
Tabclle 7; lioi diosoni Vorsneh wiirdo die Znckoraussebeidnng 
Nvabrend liingoror Zoil in beslimmlen Abslandcn vcrfolgl. 


*0 





AM'. ZiiclJcr.iusicluMdund'.dia- 
I)(’i Diid'clrs. Mitlrhvcrlr 
von 2A T.Tgrn. Die Preile liczeicli- 
nen Mnlilzcitcn. 


Ahb. .i'-Dirferriizkurvc bei inillcl- 
>;(')nvrn':ii Diolicles oliiic Kcloniirir. 
deni Zuckcr.msBchcidunRsdiagrannn 
in AM). 2) cnlsprcclioiid. Zu bcachlcn 
ist die Cl)ercinslinnmmg zwiseben 
Zucbordiiircsc imd Yariationslcndenr. 
dc.": Plulzuckcrgcballs vvfdircnd der 
tflnf Vcrsnclistagc mil bcsliminlcr Ver- 
teiliing der Mnlilzcitcii. 


Bildel man die .Suinmcn <lcr in korrcspondicrcndcn Zeitab- 
sehnillen ausgcscbicdcnon Zuckermengen, .so koniml der 24- 
slnndenperiodiscbe Cbarakler der Zuckerausscheidung zum 
'I'orschein, sowic ancli der verschiedene lanfluss von an ver- 
schiedenen Tageszeilen eingenommenen Mablzeilen (Abb. 24). 

Der Vcrlauf der Jli’-Differenzkiu'vc liei dersclbcn Vorsuchs- 
porson Avird in z\bb. 25 vviedergegeben. 

I5ei Glykosurien vom renalcn Typus bcsleld kein Parallelis- 
nuis zwisclicn der Ziickeraiissclieidung und den .Sclnvankungcn 
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24Stundenperiode ausgeschiedene Zuckermenge kleiner, und 
die Differenz zwisclien der Zuckeraiisscheidung am Tage und 
in der Naclil nimmt ab (vgl. Abb. 27 b). 

Ihrem Wesen nach ist die Blutzuckerkurve eine Inlerfereiiz- 
kurve. Dies ist der Grand dafiir, dass sich auch die taglichc 
Zuokerausscheidung trotz cinbeitlicher Ernabrung und sonst 
gleichen ausseren Bedingungen von Tag zu Tag anderl (vgl. 
Tab. 7). Dabei lasst sich bisweilen bei gewissen Diabeles- 
falleii in der Zuclcerausscheidung eine niehr oder minder dcut- 

liche 3 5lagige Periode aucb bei gleichbleibender Nabrungs- 

zufubr konstatieren. 



a , piner MaMzeil aii 

a Fall von mitlel.schwercm Diabetes olmc Kelon 

Zuckerausscheidung. ,, , , onq t! 

6 Fall von aWem Diabeles mil Krtomme. 

Zuckerausscheidung. m 47 «. 

8-M zwlschon Tae unO Nacl.l 17 , 
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Allcs das deulet daraiif hin, dass die Beaktion des Organis- 
7ims auf ziigefiihrte Nahriing von endogenen Faktoren be- 
herrscht wird. Es ist datei nichl nur die periodische Glyko- 
genbildiing der Leber, welcbe bestimmend ist, sondei’n es gibt 
aoch anderc endogene Falttoren periodisclien Charakters, wel- 
che gemeinsam einen endogenen Rlujthnms entstehen lassen. 
Eine gegenseitige Phasenverschiebung der Wirkung dieser pe- 
riodischen Faktoren verursaclit eine scheinbare Unregelmassig- 
keit des endogenen Rhythmus, wodurch die Reaktion auf den 
alimenlaren Reizungsimpuls von Tag zu Tag wechselt, und die 
poslalimentare Blutzuckerkurve einen variablen, unregelmassi- 
geren Veiiauf nelinien kann. Dies macbt sich beim Diabetes 
deutlich bemerkbar, wo die regulatorischen Krafte beeintrach- 
ligt sind. Die Beaclitung dieses Sachverhalts ist bed der Beur- 
teilung alimentai-er Belastungsproben von allergrossler Bedeu- 
lung. Die zugefulirle Nalirung kann an verscbiedenen Zeiten 
wechselnde alimentare Blutzuckersteigerungen auslosen, was 
auf verscbiedenen Reaktionszustanden des Korpers beruht. 
Der Reaktionszustand wird seinerseits durch die Intei'ferenz 
zwischen den periodisch variierenden endogenen Faktoren be- 
slimmt, weldie alle zusammen den endogenen Rhythmus ver- 
ursachen, der den Stoffweclisel beherrscht und fiir die Wir- 
kung zugefuhrter Nahrung und ausserer Reizungsimpulse aus- 
schlaggebend ist (vgl. S. 273). 


Der periodische Verlauf der Resorption 

Periodisch ablaufende Vorgange machen sich bereits bei der 

Resorption von Nahrungsstoffen im Dannkanal bemerkbar. 

Im II. Abschnitt ist von der Periodizitat der Fettresorption die 

Ftede gewesen. Auch die Glykoseresorption im Diinndarm spielt 

sich nach Untersuchungen von Hamar (1940) periodisch ab. 

Das Maximxun der Fettresorption scheint mit dem der Glykose- 

\ 

resorption zusammenzuf alien. 

Die periodisch weclrselnde Resorptionsfahigkeit des Darm- 
epithels kann moglicherweise mit der Tatigkeit der Nebennie- 
ren zusammenhangen; nach Verztir und Laszt hort die Fett- 
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esorpfioii nacli Nebenniereiiexstirpalion auf. Audi die Resorp- 
Hon der KoJdehydrate sdieint von den Nebennieren abhaad^ 
y.ii sem, aber daruber ist nichfs niit Sicherheit bekannt. 

Ferner ist aucli die Hypophyse fur die Resorption vpn so- 
^''old Glykose wie Felt von Bedeidung, Philipps imd Robb ha- 
bcn nachgewiesen, dass die Glykoseresorption nadi Entferninig 
der Hypophyse ebenso . sinkt wie nach Nebennierenexstirpa” 
lion. 

Die Wirkung der Hypophyse auf die Kohlehydrat- und Fell- 
resorption wire! wahrsclieinlich von dem corlicotropen Hypo- 
physenvorderlappenhormon vermiltelt, das seinerseits die Bi!- 
dung des Nebennierenrindenhonnons anslost, dessen Effekt 
fiir die Resorption jener Njihrsloffe notig zu sein sdieint. 

Das Nebennierenrindenhonnon spielt anscheinend nidil nur 
bci der dgentlichen Resorption eine widitige Rolle, sondern 
ausscrdeni noch bei der Bildung von Muskel- und namentlich 
Leber.glykogen. Long, Katzin und Pry (1940) baben gezeigt, 
dass sidi auch die Hungerhypoglykiiinie bei hypophyseiilosen 
Tieren durch Beliandlimg mit Nebenniereni'indenhormon oder 
(!orlicosterou verhindern liisst. Unter dieser Behandlung nimmt 
das Leberglykogen sowie ferner das Muskelglykogen zu. 
Gleichzeilig steigt die Sticksloffaussdieidung im Urin, was auf 
eine Kohlehydratbildung aus Eiweiss hindeutet. Das Eingrei- 
fen der Hj'pophyse in den Zuckerstoffwechsel wrrd weiterhin 
ini VI. Absdmilt im Zusamraenhang mit dev Frage der neuro- 
iiormonalen Blutzuckerregulation behandelt werden. 

Der Kohleliydralstrom in das Blut erfolgt also einerseits 
durch die Resorption aus dem Dannkanal und andererseits 
durch den Zerfall des Leberglykogens in periodischem Weeh- 
sel. Der Blutzuckergehalt wird aber nicht nur durch die Gjy- 
iioseznfuhr bedingt, sondern auch durch die Menge des as 
Blut verlassenden Zuckers. Dies geschieht auf vielen versdue- 
denen Wegen, welche im VI. Abschnilt naher besprochen wer- 
den sollen. ,r , 7 X 

Ein starker Glykosevcrbrauch findet in der Muskulatur ^ * 

legentlicb der Muskelarbeit stalt. Die Fringe " 

Milskelarbeit auf den Blutzuckerspiegel besitzt daher spezi 

Interesse. 
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Bliilzuc.kcrgclialt mid Muskolarlicil 

Wciland halle schoii 1908 nachgcwie.sen, class Muskclarbcit 
den Blulzuckcrgcliall scnken kann. Biirf/er land 1914, dass 
kdrporliche Arl)eil l)ei gesunden Personcn aiicli cine initiale 
Blulzuckersleigermig aiisidsen konnle, eine regulalive Arbeils- 
hypcrglykiiinie, auf welche cine voriibcrgcliendc Blulz.uckcr- 
senkung folgon konnle. In gewissen Fi'dlcn Iral nacb diesor 
Senknng cine (mmicuIc Blulziickerzunalimc auch obne Nab- 
ningszufubr auf. 

JJchlwilz Ijoobacblcle bet Diabctikern ein slarkcs Sleigen 
des Blulzuckcrspicgcls nacb kdrpeilicbcr Anslrengung. Dies 
^vu^de von ■cdelen Auloren Ijcsliiligl [Mornezemshi, Brusamlcn 
und Stcrlccl, StrandeU u. a.). In gewi.ssen Fiillen bleibl indessen 
die Arl)eilsbyperglykaniie bcini Diabetes aus, und stall dieser 
trill eine Abnaluuc dc's Blulzuckergeballs ein [IJchlwitz, 7m- 
cluiridc, Lillie u. a.). 

Bci alien iilleren Unlcrsucbungen isl die periodische Glyko- 
gcnbildung in der Leber unberiicksicbligl geblicben. Um zur 
Klarlioil Tiber die I'rage des Finflusses der Miiskclarbeil auf 
den Blulzuckergeballs zu gelangcn, isl cs ununiganglich, dass 
auch die Schwankungen ties Blulzuckcrspicgcls iin Zusam- 
luenbang mil der rbylluuiscben Lcbcrfunklion beachlel wer- 
den. 

MCdlcrslrdm und UUiunrk haben die Verandcrungen des 
Blulzuckergeballs bci Ge.sundcn Icils bci Miiskclarbeil und 
leils in der Bube an vcrscbicdencn Zeiten der 24Slundenperiodc 
unlersucbt, und zwar sowobl im Hunger als auch bei konti- 
nuierlicbcr peroraler Glykosezufubr (Abb. 28). 

Die Ergebnissc dieser Unlersucbungen sind in Kiirze fol- 
gendc: 

1. Bei nonnaler Blulzuckerrcgulation ohne Nciliriwgsziifiilir 
bal auch eine inlensivc Miiskclarbeil bloss unerbeblicbe Blul- 
zuckervarialionen zur Folge. Nacli der Arbeilsperiode isl der 
Blulzuckcrspiegcl in der Hauplsaclie unveranderl. 

2. Bei konlininerlicher Glykosezufuhr per os wiilirend der 
Versuebsdauer rufl Muskelarbeil bei Nichtdiabelikern eine 
voriibergebende Senkung des Blutzuckers hervor, welche an 



82 



Abb. 2S. Veranderungen des ArSlsSim entsprach 56 000 

,„l,r *4“^„fgegfb".. <nad. M6ll,rBlrom and Vtln... )■ 


verschicdcncii Zeilcn dcr 24Sliindenpcriode wechsell. Eine 
iiiiissigc Arboilslcislung (27 000 kg/sl) bewirkt nur eine ge- 
ringc Blulzuckersenkung, wird aber die Arbeit auf das Dop- 
pclle gesleigcrl, so wird die Blulzuckersenkung erbeblich 
sliirker. 

0. Bei mich Schliiss der Arbeitsperiode fortgesetzter Ghjkose- 
znfiilir trill cine Blulzuckerslcigening auf, die an versebiede- 
nen Tageszeilen wccbsell. 

Benierkensworl isl, dass Muskelarbeil im Hunger normaler- 
weise keine nennenswerten Blulzuckerveriinderungen veran- 
las-st. Wird d.'igegcn Glykose kontinuierlicb zugefiibrl, so cr- 
folgl an gewissen Zeilen der 24Slundenpenode eine auffallige 
Icniporare Blulzuckersenkung, mil niedrigeren Werten als bei 
den enlsprechendeu Ilungervcrsuchcu. Die Ursache isl noch 
nichl gckliirl, aber dieses Phanomcn kann cin mancbmaliges 
paradoxes Auflrelen eines Insulinscboclcs bei Diabelikern selbsl 
wiihrend cincr Mablzeil nach vorangebender inlensiver Muskel- 
anslrcngung erkltiren. Diese Fragen miissen weiler mil spezi- 
fischen Melhoden in Angriff genommen werden (vgl. S. 280). 


Insiiliinvkkung iind endogener Rliythiniis 

Die l)lulzuckerscnkendc Wirkung des Insulins isl von u. a. 
Bcsl, Dale, Hoct und Marks millels dircklcr Durcbslroinungs- 
versuche sludicrl worden. Dabci wurden Saucrsloff- und Gly- 
koseverbrauch der Organe sowic dcr Gl 5 'kogengeball dcr Le- 
ber und Muskulalur vor und nach der Insulinwdrkung be- 
slimml. Man fand bei dicsen A^crsuchen, dass der Oxydalions- 
prozess gesleigcrl wird, wodurcb die Glykoseverbrennung zu- 
nimml. Ausserdem findet aucli cine Speicherung von Muskel- 
glykogcn obne cntsprcchcnde Vermebrung des Leberglyko- 
gens stall. 

Ourcb die Wirkung des Insulins scheinen mithin Kobleby- 
drale aus der Leber zur Muskulalur Iransportierl zu werden. 

Aus Unlersucbungen von London und Kotsclmcw (vgl. S. 
50) gebl bervor, dass die Leber im Hunger lediglicb Glykose 
an das Blul abgibt. Bei koblebydralreicber Kosl dagegen lie- 
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fat der Dami emen Glykoseubcrschuss an das Blut ab! Dieser 
aus dem Darm slammendc Zmchuss wird bei der InsuHmvir- 
bung Werner. Moglicherweise trcten die to Darm resorbierlen 
vobiebydralc nnler dem Einfluss des Insulins in irgendemer 
I'orm, cvtl. als Glykogen, auf, welche sick den iiblichen Blut- 
yndvcrbestimmungen entzieht. 


London und Kotsclinews Untersiidiungen maclien ferner 
ersichtlich, dass die arterio-vendse Blutzuckerdifferenz bei 
Kolilehydralzufulir und gleichzeitiger Insulinwirkung in den 
biieien sleigt, aber in der Leber und auch, dock in geringerem 
Grade, in der Muskulatur abnimmt. Da also der Zuckerver- 
Ijraiick der Nieren bei der Insulinwirkung grosser wird, der 


Zuckerverbrauck in der Leber aber abnimmt und ausserdem 


die Muskulatur nack wie vor erheblicke Glykosemengen bean- 
spruckt, muss die Leber unter dem Einfluss von Insulin eine 
gcwisse Mengc Koklekydrale abgeben und dabei von ihrem 
Glykogcnvorrat zekren. Es komml bierdurck unter der Ein- 
■wirkung des Insulins zu einer Koklehydratversckiebung aus 
der Leber zur Muskulatur, im Einklang mit den Beobachtungen 
von Best, Dale, Hoet und Marks. Infolge des verringerten 
Kohleliydralslroms in das Elnt und des gesteigerten Glykose-. 
verbraiichs, speziell in den Nieren, sinkt der Blutzuckerspiegel. 
I^t die Leber arm an Glykogen, wie es beim .Obergang von der 
Dissimilationsphase zum assimilatorischen Funktionsstadium 
derselben der Fall ist, so kann Blutzucker bei der Insuiin- 
wirkung nicht in hinreichender Menge mobilisiert werdeii, 
wesbalb der Blutzuckergehalt auf hypoglykamische Werte 
sinken kann, wobei ein Insulinscliock rail Krampfen, Sckweiss- 
ausbriichen und evti. Bewusstlosigkeit droht. Diabetesformen 
mit stark reduziertem Leberglykogengehalt sind daher sehr 
insulinempfindlich und reagieren leicht mit bypoglykiiniischen 
Sy mp tonikomplexen . 

Es ist nicht der Glykogengebalt der Leber allein, welcker 
fiir die Insulinempfindlickkeit entscheidend ist, sondern auck 
das Bestreben des Organs, Kohlehydrate zuriickzukalten. Die 
Kohlehydrotaffinitdt der Leber spielt in dieser Beziekung erne 
Itplle; Diese ist am grossten, wenn die Leberassimilation am 


starksten ist. 
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Holmgren und ]\!6llers(rom hal)cn die Insulinempfindlicli- 
keil bci Kaninclien unlcr IJeriicksicliligiing der rliylhmisclicn 
I^cbcrfunklion sludierl. Durcb Serien von Tagesversueben mil 
nnd olnie Nahrungszufuhr sowie balbsliindliclien Blulzucker- 
baslimimingen warden zunachst die nonnalen Blulznckerkur- 
ven der Versuebsliere ennillell. Ans diesen Kurven warden 
dann -T-DilTerenzknrven bcrccbnci, welclie die endogene Va- 



Abh. 2,9, ^T-Diffcronzlairvc voni ICnninclicn, (lurch drei T.igcsvcrs\iclic crhaltcn. 
An zwei Vcr.suchsl.ngcn durftc das Vcrsuchsticr IIcu, Ilafer \md KohlrObcn 
(ihnc Jiinschrankung frosson, am dritten Tagc crhicll cs kciii hullcr. Hall)- 
stOndlichc Ulutruckcrbcstiinmungcn nach llagcdorn wfdircnd dcs Tages. Die 
Ovale hczcichncn Zcitpiinklc, an wclchcn der Blulzuckerspicgcl cine slarkc 
Tendenz zum Sinken hat. 

rialion-slendenz dcs Blalznckergcballs ersichllich niachen. In 
anderen Tagesversachen an dcnsell)en Tieren wnrde dann die 
Veriinderang des Blalzackergehalts nach an versebiedenen 
Tageszeilen gegebenen Insalindosen nnlcrsacbt. In Abb. 30 
isl ein vollsliindiger Versneb mil Insnlinknrven far alle zwei 
Slandcn wahrend der 21Slandenperiodc dargeslcllt. 

In der ii’-Differenzkarve (Abb. 29) Irelen bei diesem Ver- 
.sacbslicr zwei Zeilpnnkle mil Neignng zn sUirkerem Blalznk- 
kerl'all hervor, einmal am clwa 16 Ubr, sodann am ca. 20 Uhr. 
Im Einklang Iiiermil bekamen ancli die Versuebsliere nacli am 
12 bzw. 14 Ubr gegebenen Insalindosen Insalinkriimpfe am 
11.45 and 15.30 Uhr, sowie am 22 Ulir nach einer Insalindosis 
um 20 Uhr. Wiilirend sonsliger Zeilen des 24Slandenab- 
schnills Iralen keine hypoglykamischen Kriimpfe anf, selbsl 
wenn die Insalindosis geslcigert Avnrde. 

An anderen Tageszeilen isl dagegen die Insnlinempfindlicli- 
keil gleichmassiger. and die Bhilzackersenkimg nimml oil 
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5 RiitJriirkersoieeels nach Insulin und Adrenalin bci 

Abb. 30. Veranderungen ^ Bei den einzelnen Slundenversuchcn 

demselben VersuclisUer "wie ro ‘ 9 A<:iiindenDeriode Insulin in wechselndcn 
wurde zweistundlicli' vfahrettd der ^^Sto'^^^eranderungen des Blulzuckcrs 
Mengea (4, 6, 8 I.E. f 8el>™ gL Tier hi» f«<W' 

8 Slunden lang verfolgt. an den in Abb. 29 mil Ovalen be- 

p«nr.ten (nach Hotagren and 
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mil steigenden Insulinmengen zii. An gewissen Zeitpunkten 
kann, jedoch eine kleinere Insulindosis eine maximale Blut- 
zuckersenkung bewdrken. Wird da die Insulindosis. vergros- 
sert, so tritt nur eine gesleigerte reaktive Hyperglykamie nach 
dem Blutzuckerfall ein (vgl. Abb. 31)-. 

Die direkt bliilzuckersenkende Wirkung des Insulins halt 
clwa vier Stunden an. Nacliher steigt der Blutzuckerspiegel 
Avioder. 
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Abb. 33. Zuckerausschcidungsdiagramm bei Diabetes. Der Einfluss des Insu- 
lins auf die Zuckerdiurese wurde bei Versebiebung der Insulindosis um zwei 
Stunden mit Biicksicht aut den Ausscheidungsrhythmus verdoppelt. 


Audi der Einfluss des Insulins auf die Harnzuckcraussdiei- 
dung hangt von dem endogenen Rhytbmus ab. Abb. 32 macbl 
crsichtlicb, wie die Wirkung des Insulins in bezug auf die 
Zuckerausscheidung bei einein Fall von Diabetes nahezu ver- 
doppelt wurde, wenn die Insulindosis zwei Stunden eher am 
Morgen gegeben wurde, unabhangig von Mahlzeiten. Dies er- 
klart die auch von Ingolf und Tillgren gemachle Beobaditung 
liber die giinstige Wirkung von in den friilien Morgenstundeii 
vcrabreiditen Insulindosen. 
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Bjc Wirkung des Insulins ist also an verschiedenen Taees 
nichl dieselbe. An gewissen Zeitpunklen ist I o't 
losmus zii liypoglykamischen Zustanden disponiert. Dies 
liangt mil der rhylhmischen Leberfunktion und dem wechseln- 
fcn Gl5dvOgengehaU der Leber zusammen. Forsgren hat ge- 
zdgt, dass die Kaninchenleber bei Insulinkrampfen regelmas- 
'‘’•8 glykogenarm ist. 


Die Kenntnis der schwankenden Insulinempfindlichkeit des 
Organisnius ist sowolil fiir cine rationelle Insulinbchandlung 
als auch fiir die Standardisierung von Insulinpraparaten von 
grbsslcr Bedeutung. 


Adreiialinliyperglykamie und endogener 
Rhythmus 

Die blutzuckcrstcigernde Wirkung des Adrenalins ist von 
dem Zoitpunkt der Injdction desselben im Verhaltnis zur 
I’hylhmischen Leberfunktion abhangig, Holmgren und auch 
Holmgren und Wohlfart haben den Adrenalineffekt an ver- 
scliiedenen Zeiten der 24Slundenperiode mittels ahnlicher Ver- 
suebe imlcrsuchl. Die Blulzuckersleigerung nach ein und dcr- 
sclben Adrenalindosis As’cchselte dabei an verschiedenen Zeit- 
punklen ganz belracbtlicb. Abb. 30 zeigt auch eine Serie von 



Abb. 33. VerLauf der Blulzuckerkurve 
bcim Kaninclien bei wtederhoUen klci- 
nen Adrcnalindosen. Zweislundlicli 0,1 
mg Adrenalin, keine Fultening. pic 
Pfeile bezeichnen die Adrenaiininjck- 
tionen (nach Holmgren). 



bb. 3i. Blutzuckerveranderungen 

m Kaninchen nach ndederhoilen 
inen Insulingabcn. Das hun^nidc 
r erhielt zweistundlich 1 I- Jn- 
in subkufan. .Die Pfeile gehen die 
alininjcktionon an (nach Ho/m- 
gren). 
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Adrenalinbelaslungsproben alle zwei Slunden wahrend des 
Tages. 

Einen anderen Versucbstypus veranscbaulicbt Abb. 33. Hier 
warden wahrend des Tages kleinere Insulin- bzw. Adrenalin- 
dosen in gleicben Zeitabstanden gegeben. Es ergibt sich da, 
dass an einem bestimmten Zeitpunkt eine spezielle Empfind- 
Ucbkcit gegen Adren-aim besteht, welches nun eine starke Hy- 
perglykamie bewirkt. An demselben Zeitpunkt findet man 
eine Blutzuckersteigerung auch bei wiederholten kleinen In- 
sulindosen (Abb. 34). 

Auch in Nonnalkurven ohne Nahrungszufuhr tritt am ent- 
sprechenden Zeitpunkt eine Blutzuckersteigerung hervor (Abb. 
35). Dies deutet auf spontane Schwankungen in der Regula- 
tion des Blutzuckerspiegels bin, w'elche von der Adrenalin-’ 
bzAV. Insulinwirkung akzentuiert werden. 
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Abb. 35. Normalc Blulzuckerljurven bcim Kaninchcn. Obero Kurvc: Hunger 
voiii Beginn des Versuehs an, untcrc: Hunger schon 12 Stunden vorher sowie 
walircnd des Versuehs. Man boachte die BhUzuckerslcigerung bei diesern 
Versuchstier um elwa 1-1 Uhr, an dem Zeilpunkt der Blutzuckersteigerung bei 
sowohl Insulin- wie Adrenalinvcrsuclien (Abb. 33 u. 34 dasselbe Yersuchs- 
tier). (Nach Holmgren.) 

Der neurobormonale Regulationsapparat des Blutzuckers 
bat mitbin an verschiedenen Zeiten der 24Stundenperiode niebt 
dieselbe Empfiridlicbkeit gegen Insulin bzw. Adrenalin. Es ist 
cin periodiseber Wecbsel, der moglicberweise mit dem sich 
tindernden Glykogengehalt der Leber direkt verkniipft ist, je- 
denfalls aber unter normalen Verhdlinissen mit der rliyth- 
mischen Lebertdtigkeit und den Schwankungen der Kohle- 
lugdrataffinitdt dieses Organs harmoniscli koordinierl ist, Es 
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isl niclit moglich, zu entscheiden, ob die neurohormonale Pe- 
riode oder die periodische Glykogenbildung bei der wechseln- 
den Reaklion des Organismus auf alimentare Reizimpulse, In- 
sulin- und Adrenalinwirkung das Primare ist. Der endogene 
Rliylhmus ist von komplexer Natur und kommt dutch Inter- 
ferenz vielcr periodisch wechseinder Faktoren zustande, ge- 
v.’isserniassen w'ie sich einc Symphonic aus deri Tongangen der 
verscbicdenen Inslrumenle aufliaiit. 
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IV. ABSCMNITT 


Ui)cr die iDiocIicmisclieii Interniediar- 


stiifeii des StoflHveclisels. 


Die Vonius-sclzung fiir cine Verliefung unscrer Kcnnlnissc 
liber Bildung iind Zcrfall des Glykogens isl cin Einblick in 
die pbysiologiscb-cbcmischcn Prozesse, wclchc den Kohlc- 
bydralinnsalz im Organisinus behcrrschcn. Wic die Starkc- 
crzcngnng l)ci den Pflanzcn crfolgl die Glykogcnproduklion 
dnrch cine Synlbe.se aius cinfacbcrcn Bcslandlcilcn. Die Ein- 
xclbcilcn des Vcrlanfs sind nicht hekannl, aber die zur Syn- 
Ibcsc crfordcrlichc Encrgic inuss l)ei deni inlcrmcdiarcn Um- 
selziingsprozcss im Zusaininenhang mil gckoppcltcn clienii- 
sclicn Rcaklionsvorgiingen frei werden. Die Glj'kogcnbildung 
im Tierkorper und die Sliirkcproduklion dcr Pflanzcn sind in 
gewissem Sinne analogc Erscbcinungcn, nnr isl dcr Vorgang 
bci dcr Bildung von Sliirkc in cncrgcliscber Beziehung inso- 
fern cinfaclicr, als die Licblcnergic bci dcr Synlhcsc ausgcniilzl 
wird. 


Die Slarkcbiklinig bci Pnanzcii 

Bci dcr Koblcnsiiureassimilalion cnlslcbcn in den griinen 
Pflanzcnlcilcn Kohlcbydratc. Durcli Vcrmilllung des magne- 
siumballigcn Chlorophylls ivird dabci aiis Kohlendioxyd imd 
Wasscr unlcr Aufnahmc von Lichlencrgie Starke gebildel. 
Dies gcschichl durch einen Rcduklionsprozcss, in dessen Ver- 
lauf Saiicrsloff frei gcmachl wird. 

Quantilaliv wird der Energieumsalz bei dcr Kohlehydralbil- 
dung von folgcndcr Glciclumg wicdcrgcgebcn: 


CcH,jOc+G O,. 
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Die optimale Kohlensaureassimilation geht bei einer Lid)!- 
a sorption vonstalten, die dem Wellenlangengebiet 5700— 
6100 Angstrbm-Einheiten enlspricht, in dem orangefarbenen 
'I'eil des Spektrums. In diesem Wellenlangengebiet liegt die 
inaximale Liclilabsorption des Chlorophylls. Die absorbierte 
Liohtenergie lost die Starkebildung aus, und die Kohlensaure- 
assimilation ist um so intensiver, je starker die Lichtabsorption 
ist. 

Die Starkebildung aus Kohlendiox 5 ^d und Wasser muss iiber 
cine Serie von Zwischenproduklen erfolgen. Diese sind nicht 
mit Sicherhoit bekannt, aber schon Baeije.r (1870) hielt das 
Fornialdehyd fiir die crstc Zwischenstufe 


COo -f HiO 


Licblcncrgie 
y HC 
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Ciirdiis und Franzen haben auch in griinen PflanzenfeiJen 
Spiircn von Fornialdehyd sowie kleine Mengen von fluchtigen 
Sauren, Aldehydeu und ungesaitigten Alkoholen nachgewiesen, 
wonibglich mit der Hexosebildung aus Formaldehyd zusain- 
menhangende Produkle. Bokornij konnte bei gewissen Griin- 
algcn cine Starkebildung in 0,001 %iger Formaldehydlosung 
bereits im Dunkel fcslstellen. Bei einer Konzentration von 
0,005 % Avirkte die Formaldehydldsung dagegen giftig. 

Man glaubt, dass die weitere Hexosebildung durch eine Reibe 
^'on Kondensations- und moglicherweise Beduklionsprozessen 
slatifindet, aber der Verlauf im cinzelnen ist nicht mit Sicher- 
heit bekannt. Es ist wahrscheinlicb, dass zwei Formaldebyd- 
molekiilc durch cine Azyloinkondensation zuniichst eine Diose, 
den Glykolaldehyd, bilden. 


HC 


jr 


\ 


O < 






O 


2 Fornialdehyd 


Azyloinkondcnsalion 


HXOH 
HC = 0 


Glykolaldehyd 
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Durch foiigesclztc Aldolkoncicnsation konncn sich dann drci 
Glykolaldcliydniolekille zu ciner ITcxosc ziisammcnschliessen. 
Diesc wird cine Aldose odcr Kclosc, jc nacli Oricnlicrung dcs 
drillcn Dioscinolckiils. 


11X01 1 
■l 

nc=c) 

11X011 

, ^ 

j 

1 

IICOII 

I'l.COH 

HCOII 
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OllOII 
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1 
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Aldose 
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:t Cilykolaldcliyd 


Aldolkondensation 



IIcxosc (Aldose) 
IIcxosc (Kclosc) 


Die I'onnaldchydhypolhcsc der Slarkcbildung isl in lelzlcr 
Zcil angczwcifcll wordcu {Krebs und Eggleston n. a.)- Unier 
(f(!ni Einfluss dcs Lichls nnd durch Vennillclnng dcr Chloro- 
l)laslcn scheinl die Kohlensaurc direkl an cine bisher unbe- 
kannle Subslanz angelagcrl werden zu konncn, aus wclcher 
dann llcxoscmolckiile direkl abgcspallcn werden. Einzclliei- 
lon dcs Vorgangs sind noch nichl bekannl. 

Die Kohlcnsaurcassiinilation dcr Pflanzen ist ein fiir den 
Kreislauf dcs Kohlcnsloffs in dcr Nalur fundamenlaler Pro- 
zc,ss. In den Pflanzcnzcllen 'Nverden die llcxoscmolekiile untcr 
Wasserauslrill polymcrisierl, in crslcr Linie zu Dihcxosemdlc- 
kiilcn. Diese vereinigen sich dann zu hbhcrmolekularcn Po- 
lysaccharidcn, Stiirke, Inulin usw., wclchc als Reservenahrung 
dcr Pflanzc gespcichcrl werden. 

Die iiu Zcllproloplasma enlstehcnden Slarkekornchen sind 
nichl hoinogen, sondern cnlhallcn neben eingelagertein Ei- 
weiss noch Phosphorsaurc. Sic haben cinen gcschichtetcn Ban. 
In dcr Iliillcnsubslanz isl das Polysaccharid an Phosphor- 
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saure gebunden,- als Amylopektin, welches das reine Poly, 
sacohand, die Amijlose, mantclfdrmig umschliesst: Wenn die 
Starke mit Alkali beliandelt wird, kann die Phosphorsaurc 
cntfernt Averden. Es cnlslelit da eine wasserldsHche, nicht 
kleisterbildende Starke, die als Zulkowskijsclie losliche Starke 
bekannt ist. 

Die Ehergie, Avelche bei Kohlensaureassimilation and Starke- 
bildung gebunden Avird, Avird bei Verbrennung der Starke • 
Avieder frei gemacht. Warburg und Negelein baben bei der 
Verbrennung ca. 70 % dor Strablungsenergie Aviedergefunden, 
Avelche Aviihrcnd der, Kohlensaureassimilation absorbiert Avor- 
den Avar. Dicse Energie Avird bei Auflosung der Atombin- 
dungch frei. Dabei enlsprioht nacli Pauling die Losung einer 

C— C Bindung ca. 58 kal 

C — H » » 87 » , 

C=C » » 100 )> 

C^C » » 123 » 


' ' Umselzimg der Kolileliydrate im 
Tierorgaiiismiis , 

Der Aufbau dcs Glykogens im Tierorganismus geht Avahr- 
soheinlicb analog mit dem der Starke bei den Pflanzen von- 
statten. Dabei kann jedoch die Lichtenergie nioht direkt aus- 
geniitzt Averden. Die zur Glykogenbildung notAA'^endige Energie 
Avird statt dessen beim oxydativen Abbau A^on Hexosemolcr 

kiilen frei; .. 

Unler dera EinfJuss der Amylase zerfallt-die Starke in Ma - 
lose, ein Disaccliarid, Avelches durch die Wirkung der Mallase 
in zAvei Glykosemolekiile Aveitergespalten Avird. Aucb das Gly- 
kogen baiit sidi aus Glykose auf, aber das Glykogenmolekul 
zerfallt nicht in ein Disaccliarid, sondern direkt in Glykose^ 
Durch die Wirkung von Pliosphorsaure erfoigt eine Auflosung 
des Glykogens, eine Pbosphorolyse, bei der Hexosephosphor- 
saureester gebildet werden, ein fiir den Kohlehydratabbau ini 
Organismus ausserst bedeutimgsvoller Prozess (vgl. S, , )• 
Die Glykose ist mitbin der Gnindstoff des Glykogens am 



cino Siibslanz, wolclio in woclisolndar Form aufliTlcn kann. 
Sic kann zn liocliinolekularen Polysaccliariclcn polyinerisiert 
wcrdcn. Hci den bioclicmisclien StoffwccliseJprozessen wind 
die Ilexose nonnalerwcise so weil ahgchanl, dass Koldendioxyd 
nnd Wasser enlslelien. 

Unnvnn(lliin(|sf«rnien der Glykose 

rdykose oder 'J'raidicnzucker is( cine Aldose. Diasc kann in 
(incT inelir reakliven Enolfonn anflrclcn, xvclchc durch cine 
lauloinore ^'ersclliel)nng cincs Wasscr.sloffalojn-s znr Aldehyd- 
gnip])c dor Cdykose zuslandc komnd. Dabci enislelil cine Dop- 
pelbindnng zMisebon er.slein und zweiloni Koblensloffalom. 
I)i tisc ICnolfonn ist, wie man annimml, die Vercslcriingsform 
der lIcxosc titid gemeinsam fiir Glykosc, Frnkfose und ^fan- 
iiose. 
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Inncrhall) dcs Glykoseiiiolekiils finden Iciclil inlramolekii- 
larc Uinlagerungen stall, am ehcstcn cin Ringschliiss zwisclien 
erslom und fiinflem Kohlensloffalom iinler Vermittlung eines 
Sauerstoffaloms. Die Glykose trill da in ihrer LalctOnfomi als 
o- nnd /?-Glykpse aiif. 

nnd /?-GIykose sind beide rechlsdrehend, haben aber ein 
vcrscliicdcncs opUsclics Dreluingsvermdgcn. In wiissrlger L6- 
snng trill mil der Zcil ein Gleicbgewicblszustand kwischen a- 
und //-Glykose cin, wobci sich die opliscbe Drebnng der Gly- 
kosclusung zii cincr konslanlcn Millellagc iindert; das Phano- 
inen wird als Mutarotalion bezeiebnet, 

Durcb Ringbildung aiis 5 Koblcnstoffatomen iihd einem 
Saiiersioffalom cnslchl cin Pj;rankern. Nach Haworth ist du- 
ller die Laklonform der Glykose cine a- oder p-Glykopyranose. 
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Eine RingWUUmg knm. a.ich dadurch ^.istande kommen 
dass das Saaersloffnlom das crsic m.d vierle Kolitasloffaton 
verbindel. Dabci enisiclil die mclii- rcaklive r-T^orm. Eme 
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nils ■! IvnlilcnsItiffafdiiHMi iiiicl ciiM'tn Sniirisldfr- 
nloiii /iilirl 711 ^•int■ln J'tirtiiiUi'iit. Die "-<i)y)ii»sc is| dciiixiifol^'c 
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Das Glykogen enlsteht dutch eine Anhydridhildung, ^YoM 
sich.HexosemoIekiile unter Wasseraustritt zu grosseren Molc- 
kiilaggregaten zusammenscliliessen. Dabei warden die einzei- 
lien Hexosemolekule von Sauerstoffbriicken zu zweit nnler 
Bildung von Disacchariden zusammengehalten, welclie femer- 
Inn zu Polysacchariden vom Typ der Starke und des Glyko- 
gens polymerisiert werden. 

Das Glykogen ist naoh Karrer eine polymerisierte Diamylose, 
die ihrem Bau nacli mit deni Aniylopektin iibereinstiinnii, 
aber mit anderem Polymerisationsgrad. Bei seinem Zeiiall 
liisst das Leberglykogen den normalerweise im Organisms 
vorhandenen Blutzucker entstehen, der fiir eine a-Glykopyra- 


nose gehalten wird. 

Der Blutzucker wird in der Muskulatur sekundar zu Muske - 
glykogen resyntlietisiert. Im ruhenden Muskel wird dieses 
Glykogen langsam verbraucht, bei Muskelarbeit dagegen 

Vtisclicr* 

* Der tatige Muskel bekommt eine saure Reaktion. Hopkm 
und Fletcher haben zuerst nachgewiesen, dass wahren er r- 
beilsperiode des Muskels Milchsaure gebildet wird. In der 
Ruheperiode wird dagegen wieder f 

Die Umsetzung der Kohlehydrate in der 1 , 

warend zweier ver.ol«edener Phasen der 
.ur Milcimurebildung f&hrt, und der 
Mildrsaure verachwindet. Durch eine Sene 
Oxydo-Reduklionsprozessen im prgamsmus 

saure wahrend der aeroben jj„es anderea 

wieder in Glykogen umgewandelt, ^ ^ Wasscr 

Toils der Milchsaure. welcher zu Kohlend.oxyd 

sleheu V-d— - 

wShrend der anaeroben und ® Verhaltnis ru- 
der oxydativen Phase in einem „ MuskelglykO’ 

cinander. Aus der beim ^^^"^ydaliven Pl.»' 

gens gebildeten Milchsaure Ltslehl nacH 

se sum Teil Glykogen stremolekulen aid 

Meyerhof wieder Glykogen , „„d Wasser ver- 

Kosten dues funften, das xu Kohleiid.oxjd 
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l>rannl winl, wobci Encrgie zur Ro^synllicsc cics Glykogens 
i'roi gcniiiclil wird. Diose Meyerhof ache Thcorie schicu sciner- 
zoil eiiie forniale Erkliirung fiir die Reaklionskoppelung beiin 
Abbaii dcs Glykogens und der Wiedcrl)ildnng dcsselbcn aus 
Milcbsiiurc zu gcbeii. Die cxpcrimenlellcn ' Unlerlagen dor 
'i’beoric or.sc'.bcinen iiulcssen durcb Arlieilen von Wielaiul u. a., 
durch welcbe die Ricbligkeil dcs sog. A/cycr/io/schcu Qnoli- 
enlen in Zweifel gezogen wurde, in cinein anderen Licbt. 

Wild die Milebsiiuro nicbl in der Mnskiilalur vcrbrannl odor 
dorl in Glykogen z.nriickverwandcll, so gcbl sic in das Blnl 
idler. Daber sleigl dor Milcbsauregcball dcs Blnles bei Mus- 
liolarboil. Die Milcbsiiurc wird in dcr Leber z.ii Glykogen um- 
gobildcl, von wo sie dann in Form von Blulzncker von neiieni 
dor Muskulalur z.ugulc komml. Boi inlensivcr Mnskclarbeil 
wird dor Organisnius mil Milebsanre iiborscbweniml. Findcl 
die Glykogensynlbcsc in dor Leber nicbl scbncll genug stall, 
so wird die Milebsanre im Urin aii.sgcscbioden (Colasanti und 
Moscatelli). 

Mitxkuhiliir und Leber slehen folylich brim Kohlehydral- 
uma(dz in enyer neziebnny zneinander. Das Sysloin bildel 
einen innoren Kreislauf der Koblehydralc. 

j > Ilhilziickcr ^ 

Loberglykogen Muskolglykogcn 

t I 

! Milcli.saiirc 1 

Enorgiegebende Nabrungssloffe, Fcllc, Koblebydrale und 
I'Znvclsskdrpcr, welclic dciu Organisnius als Speise z.ugefubrt 
wordeu, werden Icllwcise in Glykogen uingewandell. Das Gly- 
kogen kann dann bei seinem Zcrfall durcb cine Scrie von 
Zwisebenslufen in die Endprodukle dcr nornialen Verbren- 
nung, Koblendioxyd und Wasser, ubergeben. Beim Abbau von 
Koblcbydraten im Organisnius isl cine Milwirkung von Plios- 
pborsiiure im allgcnieinen cine nolwendige Vorausselzung. 
Needham lial jedocli bei Hiibncrembryonen einen Glykosc- 
abbau beobachlet, bei welcliem pliospliorylierle Zwisclienslu- 
I'eii nicbl nacligewiesen werden konnlen. 


8 
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Der Pliospliorylieruiigsprozess 

Die biologisohe Bedeutung der Phosphorsaure fiir den Ab- 
igail von Kohlehydraten ist erst diircli das Studium der alko- 
liolisclien Garung bekannt geworden. 

Harden iind Young fandcn 1905, dass die Anwesenlieit von 
Phosphorsaure fiir den normalen Gjirungsverlauf erforderlich 
isl. Beim Abbau des Hexoseniolekiils muss dasselbe mit Phos- 
phorsaiire zu Hexosephosphorsaureestern gekoppelt werden. 
Die zuerst gefundene Hexosephosphorsaure war ein Hexose- 
1,6-diphosphorsaureester. Robison fand 1914 aiisserdem in ge- 
ringerer Menge cine Hexose-6-nionophosphorsaure. 

Wird der Phosphoryiierungsprozess gestort, dann wird das 
Hexosemolekiil im Organismus nicht mehr normal abgebaul. 
Dabei entstehen Storungen des normalen Stoffwechsels mit An- 
hiiufung von Glykose bzw. interniediaren Umsetzungsprodiik- 
len. Wenn diese nicht weiter umgewandelt werden konnen, 
miissen sie aus dem Organismus ausgeschieden werden. Der 
Energieumsatz nimmt dabei ab. Wird er ungeniigend, so 
kommen die Lebensvorgange infolge Energiemangels vollig zum 
Stehen, und der Tod tritt dann aus diesem Grunde ein, wenn er 
nicht schon friiher durch Vergiftung mit toxischen Abbaupro- 
dukten hervorgerufen wurde. Die Phosphorylierung der Hexo- 
semolekiile ist sorait ein lebenswichtiger Prozess, und eine nii- 
here Kenntnis des Verlaufs ist deshalb von Bedeutung. 

Die zcllfreie Garung 

Buchner halte 1897 nachgewiesen, dass eine normale Aiko- 
liolgarung stattfinden konnte, auch Avenn die Hefezellen me- 
clmnisdi zerstort wurden. Der zellfreie Pressaft enfbalt em 
Fermentsystem, die Zymase, weldics imstande ist, Glykose 
audi ohne die direkte Mitwirkung der Hefezellen in Alkoho 
umzuwandeln. Dieser zellfreie Pressaft lasst sich in zaaci 
K omponenten teilen, eine dialysierbare, thermostabile, eiweiss- 
freie, von v. Euler und Myrbdck spater als Cozymase bezeic i- 
nete, und eine nicht dialysierbare, thermolabile, die Apozymase, 
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welclu; wirksame luMiiu'iilproleino ciilhiill. Das komplelle 
Fmnenl eiilhall die Cozymase in einer revcr.sihcl dissoziierl)a- 
ren Verljindung mil .soincn I’ormeniproleinen. 

l‘>s isl nncli mif'eklarl, oh die Cozymase dirokl bei dor Phos- 
phoryliermi}' dcr (ilykosemnlekiile mitwirkl, oder ob die Wir- 
kuiig derselbcn liierl)ei mir cine indireklc isl, diircb liingreifen 
der Cozymase in den Al)I)aiii)rozess im iil)rii'en (vgl. S. 171). 

Ziir Pbospliorylienmg muss die He.\ose zimacbsl in eine 
mebr reaklive Vereslcrungsform nmgelagorl werdon. Fiir die 
lelzlere bfdl man die dcr Glykosc, Liivnlosc und Mannose ge- 
meinsame Enolform. 

In dem in Taligkeil bcfindlicben Oarimgssyslem bcsleht cin 
Glcicbgewiclilszusland der Voreslerungsform eincrseils mil dcr 
nrspriinglieben Glykosc und andcrerseils mil der enslandcncn 
lIcxoscmonopbosi)bor.saurc. 

Glykosc ^m^VercsIcningsforni — iL Hexoscinoiiopliospliorsiiiirc ^ .\l)l)aii 

Ik'i Abwcscnbeil von Cozymase bleibl die Pliospborylierung 
der IIexo.se aus. .Auch die Bildung dcr Ilexosemonophospbor- 
saurc unlerl)leibl, wenn dcr weilere Abbanprozess verbindert 
svird. 

Im Gegensalz liierzu zeiglc lioffiuir Nilsson 1929, dass Ghj- 
Jcnr/cn in cincm Syslcm, in dem die lolalc Glykoly.se durcb 
Fluoridvcrgiflung gcbcmml isl, nacli wie vor in ITcxo.semono- 
pbospborsiiurc umgcwandcll werden kann, und zwar obne 
Milwirkung von Cozymase. 

Glykogen < . Ilexoscmonopliospliorsiiiirc >■ .\l)l)au 

Dcr Glykogcnzcrfall isl daber niebl an den Abbau der ITexo- 
semonopbospborsaure gckoijpell. Zwiseben Glykogen und 
Ilexo.scmonopbospborsaure Irill cin Gleichgewicblszusland 
ein, in welcliem cnLsprccbend dcr Bildung und dem Abbau 
dcs Glykogens Sebwaukungen zuslande kommen. Bei slarJcem 
Glykogenubcrgcwicbl scbreilel dcr Phosphorj'lierungsprozess 
])raklisch konlinuicrlich nur in einer Richlung weiler. Es liegt 
folglich cin grnndsatzlichcr Untcrschicd zwischen Ghjkose und 
Glykogen hinsichllich dcr Bildung der Hexosemonophosphor- 
suurc vor. 
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Phosphorolysc des Glykogcns 

Parnas nimmt an, dass das Glykogen duroh den Einfluss 
von Phosplioraauremolekulen zerfallt, welche die Glykosid- 
bindungen in den Glykogenelementen anflosen, wobei Hexose- 
nionophosphorsaure direkt durch sukzessive Abspaltung aus 
dem Glykogen gebildet wird. 
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Glykoflen Hexoswnonopliosphorsaure 

Cori, Coloivick und Con haben nacligewiesen, dass bei Pbos- 
pborolyse des Glykogens intermediar Glykose-l-pbospbat ent 
stelit, der labile Con-Ester, welches dann unter dem Einfluss 
eines Enzynis, der Phosphoglykomutase, zu Glykose-6 phos 
phat, dem bestandigeren Embden-'Ester, umgelagert wird, 
KiessUng hat aus Hefe eine Eiweissfraktion, das C-Protein, 
dargestellt, welches die reversible Reaktion 

Glykogen -f- Phosphat Cori-Ester 
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kalalylisc.il boeiiiflussl. Dicsc C-Prolcin-Fraklion liissl die 
Phosplioglykomiilasewirkiing vennisscn. Durch fraklioncrle 
Fallung mil Ammoniiimsulfal konnlc Kiessling das C-Prolein 
ill zwci Fraklioncn spallen. Die cine Fraklion liallc plios- 
phorylicrcnde Wirkung iind fordcrle die Entsleluing des 
Fori-Eslcrs. Die andcrc Eiwcissfraklion wirkle dcpliosphory- 
liorend iind zcrlcillc wicdcr die gcbildclc Hexoscmonopbos- 
pborsiiurc in Glykosc nnd freic Phospborsaurc. Unabliiingig 
von der Glykogcninengc Irilt dabcr dnrch das Zusammcnwir- 
kcn dor beidcn C-Prolcin-Fraklioncn cin GleicligcNvicbls/.ii- 
■sland z^Yiscbcn Cori-Eslcr nnd anorganiscbcni Pbosplial cin. 

Warburg nnd seine Milarbcilcr Iiaben cbcnfalls aits Hcfe 
zwci spezifiscbc Eiweisskdrpcr isolicrt, Protein A nnd Protein 
11. Nacli Mcgcrhof, Kicssling nnd Schulz wirkl das Protein A 
kalalyliscli anf die Frciinacbnng der Pliospborsanre ans der 
Pbospbobrenzlranliensanre ein, das Protein B weisl dagegon 
die Pbosjiboglykomnlasewirknng anf, tvelcbc den Cori-Esler 
in den Embc/e/i-Eslcr nmwandcll. Magnesium- nnd Manganio- 
ncn fnngiercn bci dieser Phospboglykomulascwirknng als Ak- 
livaloren. ITicr folgl cine sclienialiscbe Darslellnng der Plios- 
phorolyse des Glykogens nacli Cori, Cori nnd Schmidt. 
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(a) Phosphorylasctvirkuiig. 

(b) Pbosplialasewirkung. 

(c) Pbosplioglykoimitascwirkung. Dicsc wird von Mangan- und Magiic- 
siumionen kalalyliscli bceinlhissl. 
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Pliospliorylieruny dcr Glykose 

Im Gegensatz zum Glykogen erfordert die Glykose zu ihrcr 
Phospliorylierung die Beteiligung von Cozymase. Der Ban der 
letzleren ist lieute durch Arbeiten von Warburg und Chrislm, 
Euler, Mijrbdck, Karrer, Levenc, Schlenk, Lolimann u, a. Avcil- 
gehend, wenn aucli niclit ehdgiiltig, geklart. Die Cozymase isl 
ein Pyridinnukleotid, dass sich aus. Adenin, zwei Phosphor- 
siiure- nnd zwei Penlosemolekiilen (d-Ribose) sowie Nikolin- 
saureamid zusammensclzt. Duroh Reduktion und Niiklease- 
wirkung zerfallt die Cozymase auf die im V, Absplmitt naher 
Jjcbandelte Weisc in ein Adeninnukleotid nnd ein Pyridinnuk- 
Icolid. 

Der Bail der Cozyniase isl naob Schlcuk 
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Das A<I(‘iiylsaiirosystc>m 


Das Adoaiumiklt'olid, die Adeuosiimioiiopliosplinrsaurc, 
welches heim Zc'rfall dor C-ozyiiiase (Milslelil, ist soincin Ban 
nacli mil d(!r Muskt'ltidciuilsdurc idenliscli. Diese selzl sicli aiis 
Adeiiiu, d-Hiliose niid OrUiopIiospImrsaiirc ziisammcii. Dmcit 
hydrolylische Al)spallniif' von Ammoniak cnlslelil die Iiwsin- 
.'ti'iitrc, eiii Moimpluispliornuklectlid, welclie sclion Lichifj iinler 
dcii i)lii)sp]i()rlialtif'en oi },'anischen Stdislaiizen der Miiskiilaliir 
^iefimdon halle. Diese enlliall das Oxypiiriii Ilypoxanlliiii an 
Slelie voii Adeniii. 
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Adenylsiiiire iiml Aiiinioiiialviiildiinji 

ICinbdcn (1928) uiid Parnas hahen cine Aininoniakljildimf’ 
in der Miiskulalur l)ei Muskclkoniraklionen iiacligcwicsen. 
Diese Ainnioniakbildnng findel wiihrcnd der anaoroben Phase 
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durch eine Desaminierung der Miiskcladcnylsiuire slaU. Dahei 
c-nLstehl imter Milwirkung ciner spezifisch wirkenden Adcnyl- 
siiuredesaminase Inosinsaure. Wahrehd dcr oxydalivcn Phase 
im Riiliestadium <Jes Muskels versclnvindet das gebildetc Am- 
inoniak, wobei wieder Miiskeladenylsaure aiis Inosinsiiure 
enlsleht. 


H3N -f Inosinsaure Muskcladcnylsaurc 

Nacli Parnas (1928) isl bei dieser oxydaliven Rcsynlhcsc dio 
Beteiligung einer katalyliscb wirkenden Siibslanz erfordcrlicli, 

elohe die (JberfiVlirung des Ammoiriaks in Inosinsaure zwceks 
Wiederbildiing der Adenylsaure vermiltelt. Diesc Suhslair/. 
ist noch nicht naber bekannt. 

Audi Phospliorsaurc wird aus sowohl Adenylsiuirc wie Ino- 
sinsaure abgespaltet, xvobei Adenosin bzw. Inosin cnislelii. 
Hierzu gehort die Mihvirkung von Phosphatase. Die Dcsaini- 
nierung der Adenylsaure sdieint unabhangig von der Dephos- 
phorylierung erfolgen zu konnen, jedodi wird in gewissen Fal- 
len der Desaminieningsprozess bei Uberscluiss von Pbosplial 
gehemint. 

Nadi Lulwak-Mann (1936) vdrlauft die Desaminierung in 
Herz- und Skelettniuskiilatur versdiieden. 

Den Abbau der Adenylsaure in der Muskulatur veranschan- 
licht das folgende Schema nach Liifwak-Mann. 


Herzmuskel 

Adenosin-f H3PO4 

i 

Inosin +H3N — 


Adenylsaure 


SkekttnwaM 

Inosinsaiire-pIbN 


1 

Inosin-f 
Hj'poxanthin + Ribosc 



lAitivak-Mann hat Hypoxantbin bcim Alihan dcs Adenosins 
durdi Bad. coli isoliert, konnlc aber da die Ribose niclil vi< - 
derfinden, wcldie walirsdicinlidi wcilcrumgcselzt wird. 
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Diircii (lie Wirluin^' von Xanthinoxydiisc (s. S. 100) kiiiin das 
1 lypoxantliiii zii llarnsauro weiloroxydierl wcrdon. llirr ijihl 
cs vinen UV;/ fur die viidoijcnc IlarnsdiirchUdiimj <tiis Adciini- 
snitrc, 

Adcnylsiiuro koimnl niclil nnr in Mnskol/ollcn vor, soikUm ii 
in alien lelienden Zellen. Adenylsaiiredesaniinase isl elxaifalls 
naeli ('.nniiHiti niul ('.onkr in lierisclien Organon nnd (iowol)on 
\(Tl»reilel, ;im rei(’Iilielisl<*n jedocli in dor Skolcflinn.skiilaliir 
<ler Sangeliere. 

Selion iin jniniiliven ka I'indel sich Adenylsiiiircdesaininase. 
Orslriiiu (lO.'la) lial gt'zeigi, dass die Aininoniakbildnng iin 
Sfoigelei nncli dor Herrneldnng orliohlich znninnni. Diasc Ain- 
nioniaklnldnng koininl dnrch Desaininiernng von Adenylsaiirc 
nnd Adonosin znslande. Sie seheinl analog doin Vorgang in 
der Herzinnsknlalnr nnd naeli folgeinlein Selieina zn ver- 
lanl'en: 

Adenylsiiiirc >■ Adeiiosiii i- I’liDsplairstimT 

Adcnosiii y laosin -! Aininotiiiik 

Wril-Mdlltcrhc (lO.'lS) lial genmden, dass die Anwesenbeit 
von Amnionimnebloi id die zcllulare Ainning sleigcrl, die anae- 
robe (ilykoly.so bennni nnd die aerobe Pliase ties Glykogcnal)- 
bans begiinsligl. Dies war nainenllicli l)ei Praparalcn von Ge- 
Iiirn nnd Milz dcs Mcersebweinebens der I'all. Dio Almnng 
des Nierengewebe^s kann dnrch Znsalz von Aininoninmcblorid 
•nil Glykosc oder Laklal als Nabrsnbslanz nin oO % gcslcigerl 
werden. Das Aniinoniak scbcinl liierbci einc kalalylisclie 
Piolle zn spielen, da die zngesclzlc Annnonininmenge imver- 
anderl wiedcrgefnndcn wird. 

Orstrom (lOlO) konnie eljenfalls nacliweisen, dass Ainmo- 
niak nnd Aininosanrcn den Alinnngsprozess nnd den Abban 
des (ilykogens ini nnliefrncblolen Sccigelci sleigern. Der bio- 
logiscbe Oxydalionsprozess isl I'nr den norinalen Kobleliydral- 
nmsalz ansscbliiggebend. Dnrcb die liei der Oxydalion der 
Isoblebydralc frei geinacblc Encrgic wird ans der inosinsanre 
von nenein Adcnylsiinrc gcbildcl. Dabci verscbwindel das Ani- 
inoniak, nnd die o.Vydalionssleigernde Wirknng de.ssclben falll 
weg. llierdnrcb wird der uxydalive Aliban eingescbrankl. 
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In diescr Wcisc iritt ein Glcichgewichlziisicmd ein, rfer den 
Verlauf des hiochcmischen Kohlehijdratabbaus in der khen- 
den Zclle sieiiert, mit Ammonkdc iind Ademjlsdme ah regih- 
iorischcs Sgstcm. 

Die oxydalionsforderiule Wiricung des Ammoniaks ist walir- 
scheinlich die Ursaclie des spezifisch dynamischen Effekls ci- 
'sveissreiclier Nahrung bcim Sloffweclisel (vgl. S. 369). 

Krebs (1932) hal gczcigt, dass die Atmung von Nierensclinil- 
Icn niclU nirr dann von Ammoniumclilorid gesteigert wird, 
Nveiin Gl 3 ''kose vorhanden ist, sondern ancli bei An^Yesenheil 
von Kelosauren als Nahrsloff. liierbei scheint sich jedoclt 
das Ammoniak irgendwie an der Reaklion zu beteiligen, da 
dasselbe als Ammonium versdiwindet, abcr als Aminosaiiren 
Avieder zum Vorscliein kommt. Das VcrscliAvinden der Keton- 
kdrpcr ist in diesem Falle mit einem Aminierungsprozess mil 
Hildung A'on Aminosaiiren verbimden. 

Beim Diabetes findct man nicht seKen cine Diskrepanz, 
Avenn die Beslimmung des aiisgescbiedenen Ammoniakslick- 
sloffs durch Uberdeslilliercn von freiem Ammoniak erfolgl, 
odor Avenii die Bestimmung durch Formollitrierung AWgenom- 
men Avird, Avelcbe auch fiir Aminosaiiren einen Ausschlag gibt 


Adcnylsaiirc uiul Pliospliorylicninysprozcss 

Die Adenylsiuire bcsitzt nocli eine biologisch Aviclitige Eigen* 
scliaft; sie kanu Phosphorsaure ubernelimen, z. B. aus derPlios- 
pliobrenztraubensaure, Avelche intermediar beim Abbaii der 
kose gebildet Avird (vgl. S. 119). Dabei enlsteht Breiiztraiilien- 
siiure unter glciclizeiliger Bildung von Adenosiiifnpbospbor- 

saure. . ■ 

Durch die MilAvirkung von Pju-idinnukleotiden gelegentbcb 
des biologischen Oxj^dafionsprozesses (A^gl. ’ S. 170) kaiiii 
die aufgenommene Phosphorsaure an andere Substaiizcn 
koppelt AA^erden. Es entsteht da AAdederum Adenosinmonoplios 
phorsaure, AA'orauf sich der Vorgang durch Aufnabme neiici 
Phosphorsaure Aviederholen kann. 

Die Adenylsaure gewinnt dadurch grosse'Bedeutung fin den 
Phosphorylierungsprozess und AAorkt bei der tiberfiihiung der 
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Pyndm + Glyzcrinaldchyddiphospliorsaure 

Y ■ 

Dihydropyridin + Diphosphoglyzcrinsiiurc 


Nach Negcicin und Brdmcl Jiandell es sicli um cine 1,3-Di- 
])hospIiogIyzcrinsaure. 


COOPO(OH). 

CHOH 

•i 

CHoOPO(OH)a 

1 ,3-DipIiosjdiO{(/yzcriiisatirc 


coon 

I 

CHOPO(OH), 

CH,OPO(OH)„ 

2j3-Dii)Iios|)IiooIyzen’nsaure 


Diesc 1,3-Diphosplioglyzerinsam'e isl labil und von der voii 
Urcenwald entdecklcn 2,3-Diphosplioglyzerinsaure verscliicdeii, 
welclic slabiler ist und ihre Pbosphorsauro nicbt so leiclit ab- 
gibt. 

Die gebiidele 1,3-DipIiosphoglyzeriiisaiire zerfallt liydroly- 
iiscli in Phosphorsaure und Phospboglyzerinsaure, welche wei- 
ter in Phosphobrenztraiibensaure iibergeht (vgl. S. 119). 

Die frei gemacbte Pliospborsaure wird von A'denylsaure uiilcr 
Bildung von Adenosintripliosphorsaure aufgenomnien. Da dan 
Glyzermaldehydpliosphat anorganische Phosphorsame zur 
Bildung des Diphospbats direlct aniagern kann, ist dic'Zufalir 
van anorganischcr Pbosphorsdure zum Adenyhystem aiif dic- 
scm Wegc moglich (vgl, S. 299). 

2. Aus der beim Kohleliydi'atabbaii enlstandencn Pliospho- 
brenztraubensdure wird durch hydroljdische Dissoziation freic 
Phospliorsaure abgespaltet, wobei sicli BrentztraubenSaure bil- 
det (vgl. S. 119). Die frei gemacbte Phosphorsaure wird von 
der Adenylsaure direkt aufgenommen, wobei die Adenosinlri- 
pliospborsaure wiedergebildel wird, 

Durch den Kohlehy^draiabbau wird also dem Adenylsaure- 
system bestandig Pliospborsaure zugefiilirt, und die Adenosm- 
tripbosphorsaure gibt ihrerseits Phosphorsaure fiir die Pbosi- 
phorydierung des Hexosemolekiils ab. Auf diese Weisc koninil 
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Der biocliemische Al)baiiprozcss dcr Hcxosc 

Die Bildung der Hexosenionophosphorsihirc Icilel den Kohlc- 

hydratabbau im Organisnuis ein. Dcr gcwdbnlidie, Encrg.c 
D-ci machende Hexoseabbau crfolgl durcli cine nnlialc oxydo- 
reduklive Spallinig des ITexoscinolckiils mil iMilslcbung /-weici 
I’riosen. Dieser JIcxo-Tnosemhbait vcrliuifl toils in emer anac- 
roben Phase, Avelclie oline Milwjrkung von Sauerstoff weiler- 
geht, iind leils in eincr oxydaliven Pliasc, lici dcr die Bclcili- 
gung von Sauersloff uncriasslicli isl. 

Neben dieseni Hexo-Trioscnalibau bal D/ckens (1938) cine 
andcre Form von oxydaliver Spaltung dcr Ilexoscnionophos* 
piiorsaure enldeckt, vclclie nichl atif dein Wege iilicr I riosen 
vor sicli geht, sondern durch Dekarboxylicrung mil Pcnlo.se- 
bildiing als orster Slufe. Dieser Hcxo-Pentoseimbbau isl zner.sl 
im Seeigelei nacbgcwiescn worden und sclicinl n. a. in Zcllen 
aufzulrelen, welche sich im Wachslum odor 'rcilung befinden. 


1. Dcr Hcxo-Trioscnabbaii 

Nacli Bildung dcr Hexoscinonophosphor.suurc crfolgl bci dic- 
sem Abbau cine Oxydo-Bcdnklionsspallung zwiseben Kohlcn- 
sloffatom 3 und 4. Von den dabei cnlslchcndcn bciden Trioseii 
isl die eine pliosphorylicrt. Erfolgt dcr Abbau aus Hexosedi- 
phospborsaurc, so sind beide gcbildelen Triosen phosplioryHcrl. 

Die Oxydo-Reduklionsspaltung und dcr cigenllichc Abbau- 
prozess finden durch cine Serie von inlramolelvularen Umla- 
geningen stall und erfordern niclil die Bclciligung von Saucr- 
sloff. Dieser Teil des Abbauprozcsscs wird als die anaerobe 
Phase zusammengefasst. Diese kommt bci Bildung von inlcr- 
mediaren Stoffwechselproduklen, wdehe nichl wcitervcrbrannl 
werden, z. B. Athylalkohol und Milclisaurc, ziim Slehcn, Zum 
vollslandigen Abbau zu Kohlendioxyd und Wasser isl die Mil- 
wirkung von. Sauersloff unerlasslich. Bcim oxydaliven Abbau- 
prozess, der uber eine Serie von Debydrierungen und Dekar- 
boxyberungen vonstallen geht, wird Encrgie frei gemaclit, ^vel- 
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Che den Energie erfordernden synthelischen Prozessen zugule 
kommen kann. Der oxydalive, Energie frei machende Abbau- 
prozess wird zusanimenfassend als die aerobe oder • o.rijclaliac 

Abbou phase hezeichnet. 


Die anacvol)c Ahhanphase 


1 noimrnzess «eht in verschiedenen Zeilsysle- 
Dor und fflut zu wv* 

men nichl in oleidie nnrhdem ob die Fermenl- 

den Ahhauprozessen. 


Die Alkoholgiiru^g 


• -n ins der Hexose nnter Mil"''^ 
nei der Alkoholgaryng KoWeedtoya ge 

U„„g VO.I I’‘’“P*“XrGag-L.«™d5chen 

bildel, ^Yas gemass der J 

C.H,0.-2C=H.OH + 2CO, 

“n^cU ein oingehcndes Sludium ^X9Sr'''»» 

hS” gXnrnden 

Slerungsfomi (EnoltomK^ Se so 

saute Reduktionsprozess §“P“ .,.jsa„ie. B'' 

durch einen Glyz«toaldeliydp »sp 

entlandene T /'oxydiert, 

Ausvesenheit V hosphoglyz^m 

pborsaure zu A zu Athylalkoho Phosphorsaure 

gleichzeitig der ^veiter yperung 

' Die Monophosphog 5 Durch i^lendiosy**, 

und Brenztraubensaure » P ^^^^^^ehyd und 

•^rht die Brenztraubensaure 

O 
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iiber, wobci Azetaldehycl stfiudig neiigebildcl wird, iind der 
Prozess geht mil Athylalkohol imd Kolilendioxyd als Endpro- 
dukten welter. Der Verlauf ist in soliemalisclier Dar.slellung 
folgender: 


i 


OH[H H 
111 I 

nc=c-c-c-c-cii.opo(oij). 

I I I ! I I 
OH OH H'OH OH 

Hexosc-6-monophosnhorsuiirc 

- +H 4 -H 


CjHjOa 

Reiilalves Trlosp- 
niolcktll 


I 


CHO • CHOII • CII,OPO(OH)„ 


CHaCHO 

Azetnldcliyil 


r 


-2H — >-[-2H 


ClOOH.CO.CHj— 
Brenztrnulipnsuiire 


4 

CO„ 


r 


+2H4- 


H.O 


COOH.CHOH.CILOPO;OIP 

I‘liosplio((lyzorlnsiiur(! 


^ HaP04 

Orlboplios- 
. pliorsfiiire 


COOH.C=CIL 


4 

CO. 


OH 

nroiiztriiubpiisiiiire 

(Hnolfonn) 


^_+2CaH50H 

Atliylallfoliol 

Spatang Trioso, di„ 

i<o>.o.g5r„,.g 


9 
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lich ist, class es sich hier iim einen ganz besonders reakliven 
Korper handelt, der u. a. zu Brenzlraubensaure glalt oxydierl 
M’ird. Der Reaklionsweg ist dabei allerdings nocb nicht naher 
bekannt. Es ist in diesem Zusammenbang auf die Moglidikeit 
ziir Resj^nlhese von Hexosemolekiilen durch eine Aldolkonden- 
salion, evtl, mit anschliessender Polysaccbaridbildung, hinge- 
wiesen Avorden. 

In einem destruierlen Garungssyslem oder bei Abwesenheil 
vcMi Azetaldeby'd macbt der Abbauprozess bei der Bildung von 
Glyzerinaldehydphosphorsaure half. Lelzlere Substanz sleht 
in enzymalischem Gleichgewicht mit Dioxyazelonphosphor- 
siiure'und dadurcb schliesslicb auch mit Hexose-l-6-diphos- 
phorsaure. Es trill ein Gleichgewicblszustand zwiscben Triose- 
phosphorsaure und Hexose-l-G-diphospborsaure ein, worauf 
zuerst Ragnar Nilsson (1930), gestiilzt auf eigene Versiiclie, 
liingewiesen hat, und der spjiler durch neue Versuche von 
Bartenscheen und Beneschowsky soAvie Meyerhof und Loli- 
mann experimenlell gesichert Avurde. 


OHl H H 
I ! I I 

HC = C-C-C-C-CH„OPO(OH)o 

1 i ! ! ! I 
OH OH H I OH OH 

Hcxosc-6-monopliospliorsaiirc 




+H 


-H 




C3H0O3 

Rcaktivcs Triosc- 
inolckiil 


CHO-CHOH-CH30PO(OH)2 

— Glyzcrinaldchydpliospliorsiiure 


CH,OPO(OH)„ 

I 

CHOH 

1 

CHOH 

I 

CHOH 

i 

CO 

I 

CH„-OPO{OH), 


CH2OH • CO . CHoOPOlOH), 

Dloxvazctonpliospliorsiiure 


Hexose-1 -6-dipIiosphat 



Dio Hoxosodipliosplioi'sHuro odor <lor Il(irilrn-) oo/)'/-D.sl(“i ist 
dor mil liiiij^sloii liokiiiiiilo Uoxoso|)liosi»Iior,s!iuroos!or boiiii 
(luriinj^.sprozoss. Dor.solbo isl lioi dor (iiiriiii^ walirsoboiiilii li 
oil! Slnbilisioruiigsprodidil dor {ily/.oriii!ddoliydplios|)liorsiiiiro. 

Die Milch s n ii r o 1» i 1 d n n g 

Dio EiiLslohiiiig dor Milclisfiuro iiii Orgniiisiiins orfolgl \^io 
dio Alkoliolbilduiig aiis Iloxoso-Ci-iiioiiopbospbor.sdiiro diirob 
oiiicii anaornb vorlaiiroiidoii gokoppolloii Abbaiiprozoss. Dor 
walir.sclioiiilicho A’orlaiif dossolbon wird in scbonialisolior Dar- 
slolliiiig alls dor liior folgoiideii Abbildiiiig or.siolillioli, 

OH;lI n 

I ; 1 1 

! 1 I : I i 

on Oil H ;r)n on 


Hox(iso-(i-inonopliosplirir>iiiiro 
-i-H 4 -H 


CdfA 

Itrakllvrs Trlosoiiuitokni 


i 


(:no(:noH(:n,oi'o;()ii)s 

(;i.vzorliiiitt!r'li\ilpliii''ii1iiit 


-2H 

COOHCOCIb 

llmizlniiilit'ii'iniiro 


-j-2 H 


cooHr.iic.n, 

I 

OH 

Milolisiiiiro 


-v •; 2 H 

I 

r.HjOHciioncii.oi'o^oH). 

<il\7.rrlitplinsplinr’'fiiirr 


-2H 


■ I 

r.i!or.noHr.n.opo(OH), 

Oly/.rrlniilildiydpIui'.pJnit 

i t 

lIr\«)<r-l>(;.|]|p|io<<p)tiir> 

.‘■filin' 


N.ncli dor oinloitoiideii Oxydn-lU«d,.klioi,ssp:dl,i,ig in xvvoi 
rioseii, M,n xvolclieii die eiiic pliospliorylioil. dio andorc ro ik- 
l■^ .-St, wcrdcn (■dyzciinaldobydphusphor.snnr,' n„<I nronzlraii- 
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Glyzerinaldeliytl- 

diphosphorsaure 

A 


H OHjH H 

I I ! I I 

(OH)aOPO -0-0-0 - 0 - 0~COPO(OH), 
I II I ! I 1 
H O H 1 OH OH 

Hcxosc-l-G-diphospliorsaiirc 


T 


+H 


-H 


OHjOH • CO • CH„ . OPO(OHOo) OHO - CHOH • CH„- OPO(OH), 

Dioxyazctonpliosphat GlyzcrinaldeliydphosphorsiiHre 


+2H < 

I 

CHoOH • CHOH • CHo- 0P0(0H)2 
Glyzerinphospliorsaure 


H.O +0 

I 

COOH • CHOH • OH;,- OPO(OH), 
O-Phosphofllyzerinsuure 


-2H 


COOH • CHOH • CHoOPOCOH), 
Glyzerinaldehydphosphor^aure 
H,PO, 


Y 

PO(OH), 

I 

COOH-CHO-CHjOH 

2-Pliospliofllyzerinsaiire 


-H„0 

I 

PO(OH), 

COOH-CO=CHo 

PliospliobrDnztraiibcnsiiiirc 


+2H 
COOH-CO-CHs 


+HoO-^- 


H3PO4 


Brenzlraubenssiure Ortbopbos- 
pborsuurc 


COOH- CHOH -CHa 

Milclisaiirc 
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bensaiirc gebildct, wabrschcinlich mil Mcthylglyoxnl vmd Gly- 
xcrinphospborsiiurc als Zwischcnslufcn. 

Sowcil die Glyzcrinaldcbydpbosphorsiiurc nichl iminillelbar 
abgcbaul wird, gchl diescibc in IIcxosc-l-()-dipbospIiorsaurc 
iibcr. Dies isl in grosscm Umfang in dcr Muskiilaliir dcr 
In dcr Folgc kann sich dann ans dcr Hexoscdlphospliorsaurc 
Milchsaure bildcn, al)cr dcr Umsclznngsprozcss crhiill dabci 
cincn anderen Verlauf, dcr S. 118 schcmaliscb dargcsldll isl. 

Nacb Mcijcrhof wird aucb bier dcr Abbanprozcss von cincr 
Oxydo-Reduldionsspallung mil Ilildniig zwcicr Trioscn cingc- 
Icilcl, wclchc beidc phosphorylicrl sind. Nach Embdcn crfolgl 
dcr ^Ycilcrc Abban iibcr Dioxyazctonpbospbal nnd Glyzcrinal- 
dcbydphospbal mil Glyzcrinidiospborsanre als Zwiscbcnslufc. 
Das Glyzerinaldchydphosidial kann nacb Warhiirr) nnd Chris- 
tian Icmponir nocb cin Pbospborsaiircmolckiil l)indcn nnd 
dtirch Bcleiligiing von Pyridin in l-.l-I’Iiospboglyzerinsiiurc 
iibergchcn (vgl. S. 100). Dicse kann ibrcrscils Phospbor.saurc 
an das Adcnylsiiurcsyslcm abgcbcn nnd sclbsl in ;i-Pl>osj)bo- 
glyzcrinsiiurc ningcNvandcll wcrden. Dnrcb Pbospboglykomn- 
lasewirkung wird die O-Pbospboglyzcrinsiinro zii 2-1’liosplio- 
glyzerinsaurc uingclagcrl, welclic in Pbospliobrcnzlranbcn- 
•saure svcilcnmigcwandcll wird. Ans diascr kann Pliosplior- 
.siiiire nnlcr llildung von Hrenztranbensaure abgospallcl sver- 
dcn. Die frei gcinacblc Pbospborsiinre kann von dcr inlcrinc- 
diiir gcl)ildclen Glyzerinaldcbydpbospbor.sanrc anfgcnonnncn 
nnd zum Adcnylsyslcm iibcrgefiibrl werden, 'vvodurcb die .Adc- 
iiosinlripbospborsaurc slclig rcgcncricrl wird. Dadurcb kominl 
cin sliindigcr Krcislauf dcr Pbospborsiinre bcim Koblcbydral- 
abban znslande. 


llci dcr Milcbsaurcbildnng wird die Ibenzlravibcnsiinre dnrcli 
cine Rednklion in dcr oben angegeben Weise in Milclisiiiirc nm- 
gcwandcU. 


Bci dcr Dcpliospliorylicrung dcr Pbospbolircnzlranlicnsiinrc 
^rcrden grossc Encrgicincngcn frei gcmacbl, welcbc den inlcr- 
niediarcn Sloffwccbsclproz.asscn zngulc kommen. 

Die Umwandlung dcr Ilcxoscdipbospborsaure in Milebsanre 
nird ans dem nebenslebcndcn Scbcina ersidillicb. 
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Die oxydativc Abbauphase 

Die in der Muskulatur beim anaeroben Abbau der Hexosc- 
pliosphorsaureester gebildete Milohsaure kann ohne Mitwirkun-’ 
von. Sauerstoff nicht verschwinden. Wahrend der .Oxydalion 
wird in erster Linie Brenztraubensaure durch Dcbydrierung 
der IMilohsaure wiedergebildet. 


-2H 

COOHCH3 >► COOHCOCH3 

I 

OH 

Milcbsaurc Brcnzlraubensaurc 

Die Brenztraubensaure ist ein wichtiges Intermediarprodukt 
beim Kohlehydratstoffwechsel. In der Norm ist sie in ciner 
Mehge von 0,5 — 1,5 mg% im Blute vorhanden, dessen Brenz- 
Iraubensauregehalt im Laufe der 24Stundenperiode nonnaler- 
weise ziemlicli konstant ist (vgl. S. 305). 


Uni'wandlungsprozesse der Brenztraubensaure 

Die oxydative Umwandlung der Brenztraubensaure kann aiif 
mdireren Wegen erfolgen. 

1. Durch oxydative Ketonspallung werden Essigsaurc niul 
Kohlendioxyd gebildet, 

+0 

COOHCOCH3 COOHCH3+CO2 

Brenztraubensaure Essigsaurc 


2. Aus der Enolform konnen durch starkere Oxydalion mil 
Losung der Doppelbindung Oxalsaure und Fonnaldehyd cnl- 
stehen. 


+20 

COOHC=CH„ > COOHCOOH+CHoO 

I 

OH 

Brenztraubensaure Oxalsaure FormaWcliyd 

(Enolform) 
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a) Eine Azijloinkondcnsadon des Formaldchyds kunn Gly- 
kolaldchyd (S. 92) enlslchen lasscn. Durcli nachfolgcndc Al- 
dolkondcnsaiion dcs Glykolaldchyds ist die Mdglichkeil ciner 
llexosc- und Polysaccliaridbildung analog der Slarkecrzeiigung 
I)ei den Pfianzen gegeben. Nach Pannis und Pacr isl cs niog- 
licb, dass die Glykogcnbildung im Organismus auf dicse Wei- 
se aus Oxydalionsproduklen der Bronzlraubcnsuurc crfolgl 
(vgl. S. 129). 

b) Der Formaldobyd kann durcli weilcrc O.xydalion aucb 
in Amcisensaure iibergeben. Dicse wird Icicbt zu Koblcndioxyd 
und Wasscr wcilcroxydicrt. Dabei wird Energie frei gcmacbl, 
wclcbc evil, bei ciner Glykogcnbildung ausgeniilzl werden 
kann, 

d-0 d'O 

CH,0 > COOHir >■ COj+ILO 

Foriualileliyd Amolseusuiirc 

Amciscnsiiurc wird normalerwcisc in zwiscbcti .‘j.n nig und 
280 nig pro 24 Slunden ^YCcbsclndcn kicngen iin Urin ausge- 
sebieden (Dakin, Slrisowcr, Autcnricih)- 

c) Die Oxalsaurc, Avelcbc bci Oxydulion dcr cnollransfor- 
nucrlcn Brenzlvaubcnsiiurc gcbildel werden kann, wird wabr- 
scbcinlicb Icilweisc zu Koblcndioxyd und Wasscr weileroxy- 
dicrl (Salkowski, Dakin und Hihlehrandt). 

+0 

COOIICOOII > 

Oxiilsiiurc 

Mcbl uingcsclzlc Oxalsaurc wird ini Urin au.sgcscbicdeu. 
Nacb Fiirbrinfier verlassen normalerwcisc clwa 20 mg Oxal- 
saurc in 24 Slunden den Kdrpcr. Die ausgcscbiedcnc Oxal- 
siiurc isl als Kalziumoxalat gebunden, wclcbcs von sauren 
Pbospbaten dcs Hams in Losung gcballen wird (Hammarslcn). 

3. In gewissen 1* alien kann die Brcnzlraubcn.saurc nacb 
Krebs direkl Koblcndioxyd aufnebmen und in cine Dikarbon- 
siiure, Oxalessigsaure, iibergeben. 

+co« 

COOHCOCHj V COOHCOCHXOOH 

Ilrenztrmikensnurc Oxulcsslusaiin! 
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Zusammen konnen -dann Brenztraubensaure und Oxalessig. 
saure Zitronensaure bilden, welche ein wichtiges Glied im Ir. 
termediarstoffwechsel ist (vgl. S. 133). 

4. Dutch Dekarboxyliemng kann Brenztraubensaure in Azcl- 
aldehyd iibergehen, welcher dutch Oxydation in Essigsiiiire 
Oder durcli Reduktion in Alkohol umgewandelt werden kann. 


-COo 

COOHCOCHj >- CHOCH3 — 


Brenztraubensaure AzetaWebyd 

Azetaldehyd, der im Organismus gebildet udrd, kann aijck 
infolge der Wirkung einer in der Leber vorkommenden Aldc- 
hydmutase dutch eine Cannizoro-Umlagerung in Essigsaiirc 
und Atliylalkohol ubergefiihrt werden (H. Fischer), 

+H ,0 

2CH8CHO ^ CHaCOOH+CHsCHjOH 

2 Azetaldehyd Essfgsaurc+Athylalkohol 


q:2H^ CHaCHjOH 
Albylalliohol 

COOHCH5 

Esslgsaure 


Atliylalkohol findet sioh normalerweise in kleincn Mcngen 
— bis zu 50 mg^ — im Blute und kommt auch im Urin vor. 
Unter pathologischen Verhaltnissen kann Atliylalkohol infolge 
von Storungen im Zwischenstoffwechsel in erhbhter Mcngc 


auftreten (vgl. S, 318). 

Ob die iBrenztraubensaure im Organismus Essigsaure biidcl, 
ist nicht mit Sicherheit bekannt. Sowohl Azetaldehyd wic Es- 


sigsaure kommen jedoch in kleinen Mengen normalerncisc 
im Urin vor. Stepp und Rothman-Manheim geben dienorinaic 
Menge des ausgesohiedenen Azetalddiyds mit 1,58 11,8 


pro 24 Stunden an. 

5. Dutch Reduktion geht die Brenztraubensaure in Mclhj 
glyoxal liber, welches durcJi die Wii-kung von Glyoxalase in 
Milclisaure weiterumgewandelt werden kann. 


-O 

COOHCOCH3 > CHO-CO-CH,, 

Breiiztraubeiisaure Aletlij'Iglyoxal 


COOHCHClh 
Glyoxalase I 


Hmclisaurc 
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Nach Ncuberg und Kobcl %vivd die Wirkung dcr Glyoxalasc 
bei Anwesenheit von Zinkionen kalalysicrl. 

6. Weilcre UraNvandlungcn dcr Urenztraubensaure siclic 

Zilronensaiii’ezyklus (S. 133). 

Unisclzung der Essigsiiurc 

Bin direkter oxydaliver Abbau von Essigsiiurc im Organis- 
nius hat sidi nichl naclnvciscn lasscn. Bci Versuchen an Dia- 
Ijctikcm mit peroralen Alkaliazclalgabcn scheint cine Zunalimc 
dcr Kelonkorpcraussobcidung slallzurindcn. 

Der oxydative Abbau der Essigsiiurc crfolgl vcrmullicli in- 
dii'ekl nacli Zusammenkopp clung der Essigsaurcniolekiilc. 
Dabei besleben drei Moglichkciten: 

a) Sebliessen sich zwei Molckiile Essigsiiurc unler Wasscr- 
austritl zusamnicn, so entslchl Azclcssigsaure, wclcbe bci gc- 
wissen Diabclesfonncn in grosser Mcngc auflrill. 

ILO 

— >■ coonciLr.ocii3 

Azclcssinsaurc 
(Diazclsiiiirc) 

Embdcn, Locb, Friedmann u. a. haben gefunden, dass Aze- 
l.'ddcliyd und Essigsiiurc l)ei Pcrfusionsvcrsucbcn an glykogcn- 
annen Lcbern Azclcssigsiiure bilden; ^-Oxybullcrsaure konnlc 
dagegen niebt nacbgewiescn werden. 

Da die Kclonkorperbildung aucb mil dem FcUsiiurcumsalz 
zusammenbangt, kann das Ausgangsmalerial in den cinzclncn 
Fallen versebieden sein. Der primiire Bildungsmecbanismus 
liir Azelessigsiiure und i5-OxybiUlcrsaurc ist daber wabrschein- 
lich nicht dcrselbe, wenn auch die Ketonkdrpcr dann sekundiir 
ineinander umgcwandelt werden konnen. Bciin Diabetes Hcgl 
aiicb ein wcdiselndes VerbalJnis zwiseben den ausgcsducdc- 

nen Mengen von Azclon-Diazclsiiurc und ^-Ox5>bullcrsiiurc vor 
(vgl. S. 215). 

Die weifcrc Umsetzung der Azclcssigsiiure erfolgt wabr- 
sdieinbcb von der Enolfonn aus, mit Oxydalion bci der Dop- 


(:ooHcri|3''+!io|cocn3 
2 Essifisiiurc 
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pelbindung. Engfeldt hat gczeigt, dass die .Diazetsiiure M 
Oxydation mit Kaliumpermanganat in saurcr Losung Essk 
simre iind Glyoxylstiure cntsteheii liissl; die letzlere Wd zn 
Oxalsaure iind dann zu Kohicndioxyd iind Wasser \vci(et- 
oxj'dicrt. 

+20 

ch3-c=ciicooii y cHsCOoh+chocooh 

OH 

Azctcssigsanrc Esslgsaure Glyoxylsaurc 

(Enolfonn) 

+0 +0 

CHOCOOH y COOHCOOH V 2C0,+H,0 

Glyoxylsaurc Oxalsihirc 

Es ist mdglicli, dass der oxydative Abbau der Diazetsaure 
im Organismus auf dem Wege iiber Glyoxjdsaiire und Oxal- 
saurc vor sich gehcn kann. 

Eiue endogene Oxalsaurebildung kann in diesein Falle die 
AIlcnialiA'c cincr Kclonkorpei'bildung sein. Bleibt die Dckai- 
boxylicrung und Schlussoxydation der Oxalsaure aiis, so v,’ird 
die lelztere ini Korper angchiiuft, sofevn sie wcht in gesteiger- 
ler Menge ini Harn ausgcschieden wird. Es ist von Inleresse, 
<lass Loeper bci einem Diabetiker Oxalsaure iin Nervensyslem 
nachgewiesen ha(. Brasher ii. a. haben auch beim Diabetes 
cine periodische Oxalsiuireausscbcidung abwcchselnd mit Pbos- 
phalurie bcobachtet. 

Die Enolbildung der Diazelsanre gesebieht durcb Versebie- 
bung des Wasserslol’fs von Kohlcnstoffatom 2 zai 3. 

C00H-CH,-C-CH3 + I C00H-CH=C-CH3 
O OH 

Hclofovin Enolfonn 

Azetessigsaure 

Es existiert nocb eiue Moglichkeit, und zwar die, dass die 
CHa-Gruppe, wenn aiicli mil Sohxvierigkeit, ein Wassersto 
atom an eine GO-Gruppe abgibt. Dies ist z. B. bei starker Oxj 
dation von Azeton der Fall, wobei Essigsaure und Formaldebjc 



gcbilclel wcrdcn; lefzlcrcr wire! zu 
svcitcroxydici’l. 


Kohlcndioxyd und Wasscr 


J-20 


Clla-C-CHa < CU3-C==CIK 


■V CHj-COOH -J- CIKO 


O 

Azotou 


OH 

(Hiioiroriu) 


JiSslKsiiiirc Fortii- 
nldcliyd 


-4-0 “t'O 

CHOH COOHH ^ 

rormiildcliyd Aiiiclsonsiiiirc 


Erfolgl die laulomcrc Wasscisloffvcr.scl)iel)iii)g )>ci dcr Dia- 
zclsiiurc aus dcr ClIrGruppe, so Iconiml cs zii cincr Doppcl- 
Jiindtnig z\vischcn Koldcnsloffalom 3 und 1. Hei dcr ^^cilcuu 
oxydalivcu Spallung kdnncn slch da aus der Diazel.saiirc Ma- 
lonsaurc und Fornialdcliyd luldcn. 


(;ooii-cH,-c=cH. >■ cooil'CH.-conn-i-cii.o 

■ I 
oil 

Azclcfislflsaiirc .^Ijilnn'^fuirc I'oruuildi'liyd 


b) Vercinigeu sicb zwei Essigsauvcmulckidc \jnlcr Dcbydric- 
rung, daim wird /krnsfctnsdttrc gcbiUlcl. Nach Tlmnbcnj isl 
(lies ciu Weg bciiii woileren oxydalivcu Al>l>a»i dcr Ivolilchy- 
(Iralc. Hei gewissen Haklcricn isl cine diix'klc Hcrnslciusiiurc- 
Ijildung aus Essigsiiurc. uachgcwicscu; bei bbbcrcu Ecbcwcscn 
isl cs dagegen niebt gelungcu, oiiic Hcrnslciusaurcbilduug aus 
Essigsaurc mil Sicbcrbcil zu beweisen. Isacb ('.t'draiv/ola und 
\Vdl-M(ilhcrbc isl diesclbe j(alocb svabrscliciulicb. 

Sven Forssman (1941) hal gczcigl, dass aucb iiu Ticrorga- 
nismus BernsbMnsiiurc cnlslclit. Dicse Hcruslcinsiiurcbildung 
linclcl in dcr Leber und Muskidalur slall, die Hcrnslciusaurcr 
hill aber niebt in den Nicren auf. Die Bernslc.insuurei)ildung 
isl in dcr Leber am iulcusivslen. 

Bei Perfusionsversueben mil inlravcuiiser Zufulir von Bern- 
steinsaurc an Kaizen und Kaninchen linl Forxsinnn gefunden. 
dass der grossle Tcil dcr zugcfubrlen Bernsleinsaure in den 
Nicren. verbrannl uird. Nur cine kleinerc Menge (b()cbslcus 
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5 %) wird im Urin ausgeschieden. Bei Sauerstoffmangcl odcr 
Amvesenhedt von Malonsaure, welche die Wirkung der Siihi- 
uodeliydrdgenase hemmt, wird der Bernsteinsaureiunsatz in 
den Niercn blockiert. Bei Anoxamie wird daher die an andc- 
rer Slelle im Korper gebildele Bernsleinsaurc passiv durch 
die Nieren ausgeschieden. 

Die Oxydation der Bernslcinsaure verlauft durch Dehydrie- 
rungsprozesse iiber eine Rcihc C4-Sauren. Unter Mihvirkung 
dehydrierendcr Fermenle, dcr Sukzinodehydrogenase, Fuma- 
rase imd Malikodcliydrase, enlstehen sukzessive Fumarsatirc, 
Apfelsiiure und Oxalessigsiiure. 


Siikzinodc- Fumnnsc Malikodc- 

hydrogcnasc “ n.ir.is hydrogcnase 

ClIXOOH -2H CHCOOH +H„0 CHOHCOOH -2H COCOOll 

1 11 ^ 1 1 

CHoCOOH CHCOOH CHXOOH CH.COOH 


Bornslcinsruirc Fiunarsaurc 


Aptclsaiirc 


Oxalcssigsautc 


Szcnt-Gyorgiji nimmt an, dass diese Serie von C 4 -Sauren ein 
].)cdculungsvolles Wasserslofflransporlsy^slem beim zclluVarcn 
Almungsprozess darstellt, indem dieselben Schritt fur Scliritl 
Wassersloff abgeben. Ein ungestortes Fortschreiten dieses 
Dchydrierungsprozesscs ist demgemass die Voraussetzung fih 
den weileren Oxy^dationsvorgang. Wird das Dehydrierungs- 
.sy’slem gehemmt, so wird der Oxy'dalionsprozess blockierl, 
und es kommt zu Storungen im nomialen Kohlehydralunisatz. 

Eine dei*arlige Blockicrung findet bei Anwesenbeit von Ma- 
lonsaui'e statt, welche die Wdrkung der Sukzinodehydrogenase 
bei der Umsetzung der Bcmsteinsaure hemmt. Dieser hem- 
mende Effekt der Malonsaure ist zuerst von Qmstd (1926) 
nachgewiesen worden. Ein Oberschuss an Malonsaure verhin 
dert die oxy dative Umwandlung der Bemsteinsiiure. Eine Shn 
licho Wirkung haben aucli a-Ketoglutarsaure und Py'roplws 
phorsaure. Bei Anwesenbeit dieser Sauren wird daher der Be 
hydrieningsprozess und damit die normale oxydative Umsel 
zung der Bernsteinsaure erschwert. 

Durch Bildung von dehydrasehemmenden Sauren im > 
iaiif des intermedidrcn Staff wechselprozesscs hann gcwisscr 
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masscn cine Selbsircgiilicninrj tier biohijisclicn Almung (lurch 
Dbmpliing dcs Umwandhingszgklns der C^-S(hlrcn cinlretcn. 

Die Wirkung der Sukzinodehydvogcnasc sdieinl nacli Uech- 
icr auch bei Anwesenheil von Zinkionen gchcmnil zii "VNerden. 

c) Essigsiiure kann sicli nocb direkl mil Oxalcssig.siiine zii 
Zilronensaure verbinden. 


CO-COOII 

I + cn,-(:nou 

CID-COOH 


0.\nlpssl{|sniirp lilssl((‘^iiurp 


' CIf,-COOII 
->• I 

(:(Oi!)r,ooii 

i 

CH,-COOH 

Zltroiipnsfiiirc 


Umsclzniig der Oxalessigsiinre 

Unler den Dehydricrungsi)roduklcn der Bernsleinsavjreniniinl 
die Oxakssigsdiire cine Scbliisselslcllnng oin. Abgcsclien von 
der Rcaklionsbcreilscbaff der Oxalcssigcslcr gibl cs mehrere 
Afdglicbkeilen fiir die wcilcre Umwandlung der Oxalcssig-sfiurc. 

1. Durch cinfaclic Dckarboxtjlienmg ans der Kelofonn gebl 
die Oxalessigsiinre in Brcnzlranbcnsaure iiber. Dnrcb forlge- 
selztc Dekarboxylierung kann die so cnislandene Brenzlraii- 
bensanre Azelaldebyd bildcn, oder durch Oxydalion Essig- 
siiure, cvlU-durch Rcduklion Milchsilurc. 


COOII 

looii 

+0 ^ 

cooii.cn,-i-co. 

lissldsfiiire 

1 

QQ _y 

1 

CO 

i 

-COj -1-2H 

. . vr^*T/^r»»T . _ 

1 -r.o» 

r 


CHJcoO;n 

CHj 

Av.ptahlrhyil 
+2H ^ 

Alliyliilkoko] 

COOlI-r.H.CH, 
1 ' 

Oxnlpssijisilure 

llrpnztrmibRiisrmre 

on 

^niclisfiiire 


Essigsaure und Azelaldebyd konnen dann anf die oljen an- 
gegebene Weise weilcnnngewandell Averden. 

2. Ebenfalls durcli DckarI,oxyIierung kann sich ans der 
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Oxalessigsiiure auch Malonaklehyd l)ilden, der bei weiterer 
Oxydalion Malonsaure liefert. 


COOH 


-COo 


.COOH 


CH.COOH 

Oxalessigsiiure 


CH.COOH 

Malonaldcliyd 


XOOH 

j\Ia!onsuure 


3. Eine hj'poUietisclie Umwandlung der Oxalessigsiiure 
durch DeharboxijUerunfj aiis der Enolform derselben ist zwar 
iiichl nachgewiesen, liesilzl aber Interesse, da bier ein Weg 
zur Glykogenbildung im Organismus gegeben ist. Bei dieser 
Umwandlung, die cine Enolasewirknng zur Voraussetzung ha- 
ben muss, wird moglicherweise Iransitorisch Vinylalkohol ge- 
bildet, der durch Wasseranlagerung Glykol geben kann. 

COOH . CO . CHs 
(Kc(oform) 


COOH 


CHICOOIH ■ CHo CHj 

(Enolform) 

Oxalessiflsaurc Brenztraulicnsmirc Vinylalkohol 


COOIH 


CHOH +HoO CHjOH 


(Enolform) 


I 

CHOCH3 

Azctaldchyd 


CH,0H 


Glykol 


Der Vinylalkohol ist unbestandig, er wird leicht in Azetalde 
hyd umgelagerl und kann daher nicht in freier Form aiiftielen. 

Glykogenbildung. 

Bei Deb 3 ’drierung von Glykol entsteht Glykolaldebyd. 


CHoOH 

I 

CHoOH 

Glykol 


CHoOH 

Glykolaldeliyd 



Diirch Alclolkondc'iisalion tnid wdloro Polynu'risicninj,' dc-s 
Glykolaldehyds isl due Md-lichkdl /nr IMIdini}' von IIoxoscmi 
und Polysacdmriden gegebon. Hinc aul diosc ^Vds(! erlolgcn- 
de Gl 5 ’kogcnbiIdung isl denkbar, analog mil dcr SijirkopiodnK- 
tion l)ei Pflan/cn (vgl. S. 93 nnd 1‘21). 

Dicser synlbcliscbc Prozess scl/l oinc slarkc Dokarboxyliiv 
]ung nnd oinen ddiydricrcndcn Oxydalions])ro7.(‘ss vorans. I'.s 
isl daUer die, Milwirknng von GokarJmxylasi’ — \ ilainin-Bi-py" 
rophosphal — crfordcrlicb. Bei Bj-Mangd Indcm anch Slb- 
rnngen iin Kobldiydralsloffwocbscd mil Anbaufnng von 
Ibcnzlraubcnsanrc sowie iicrabgo.sclzlor Glykogcnbildung aiif 
IS. S. oO). Ib'i niiznliinglichcr Oxydation koinml cs dnmfalls 
zn vcrmindcrlcr Glykogcncrzongimg mil gosloigcrlvin Glyko- 
gonzcrfall. Bd Aspbyxie findd man and) lion Glykogongdialt 
dcr Leber hcrabgcsclzl. 

Die Glykogcnbildung ans Glykol nnd Glykolabb'byd isl dnreb 
dirckle Pcrfusionsvci-sudic nachgc\vicsct\ worden. liner. Emh- 
(Icn, Grtihc, Parnas n. a. baben gefunden, dass dcr Glykogen- 
gclialt dcr Ld)er nadi Dnrcbslroiming mil Glykol. Glykolaldc* 
Iiyd, Glyzcrin, Glyzcrinaldcbyd, Glyzorinsihirc nnd Milcbsinirc 
stdgl. 

Bldbl die Kondcnsalion dcs Glykolaldebyds ans, so findd 
keinc Glykogcnbildung stall. W'onn dcr Glykolaldcliyd da 
durdi Dehydriernng fernerbin oxydicrl wird, dann cnlslcljl 
Gh’o.xal. Dieses wird IcicUl zu Oxalsunrc wcilcroxvdicrl. 


CHO 

1 > 

CHjOII -2II 

Glykolalilolivd 


CHO 


CHO 

Glyoxal 


+20 


coon 

->• ) — 

coon 

OxaNuiirc 


i-O 


-V 2(;o,-! lijO 


Die Oxalsanrcbildnng ans Glykolaldcliyd kann gewissermas- 
sen dcr Ansdnick dncr misslungcncn Glykogcnbildnng scin. 
:.s isl moglich, da.ss die bci wcilcrcr O.xydalion dcr Oxal.Siinrc 
rei werdende Eucrgic znr Glykogensynlbcse ansgcmilzl wird. 
nnd dass diese beiden Prozcs.se cncrgeliscb mildnandcr ■+' 
koppell smd. Hieriiber isl nidils lickannt. 



Cliolihl)ildung 


idn 


Ein intermediiires Auftreten von Glykol und Glykolaldehyd 
Iiei der Urawandlung der Oxalessigsaure ist auch unler ande- 
icn Gesiohtspunklen als dem der Glykogensynlhese von In- 
leresse. Die Bildung einer biologisch sehr wichligen Subslanz, 
des Cholim, isl hier deiikbar. 

Durcli Aminierung nacb Aufnahnic eines Molekiils Ammo- 
iiiak gehl der Glykolaldebyd in Aminoglykolaldehyd iiber. 


CHnOHCHO +H 3 N V CHjNHoCHO +H„0 

Glyliolaldohyd Aminoglykolaldebyd 


Durch Wasseraufnahme machl der Aminoglykolaldehyd eine 
Ca/nj/z<:aro-Uinlagerung durch, vvobei der entsprechende Anii- 
noalkohol, Cholamin, und die Aminosiiure, Glykokoll, gebildel 
werden. 

2CHoNH 2CHO — CHjNHiCHjOH + CHjNH.COOH 
AininoglyUoIaldeliyd Cholamin Glykokoll 

Das Cholamin kann nacli Wasseranlagerung und Metbylie- 
rung durch Aufnalnne von drei Molekiilen Formaldebyd iinter 
Reduklion in Clwlin ubergehen. 


(Ill) 

I 

CH2OHCI-LNH2 

Gliolamiu 


+ HjO 


(y) 

CILOHCH0NH3OH 


+3CH0O 


-30 


CHoOHCHoNCCHalaOH 


Cholin 


Im Pfianzenreich bat Trier eine solclie Cholinbilduno 
Forinaldehy^d und Ammoniak nachgewiesen. 

Beim Tierorganismus ist es dagegen unsicher, ob.Chobn au 
diese Weise gebildet werden kann. Zu einer normalen 
wicklung ist ein besliinmfes Cholinminimum in der KosI 
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.NH, 


COOH.CH-CHo.CHs.CH,- NHc/ +COOH-CH,NH„ 


NH„ 


A 


NH 


Arflinln 


Glykokoll 


/NH, 

> COOH.CIHNHC/ +COOH.CH-CH,.CH,.CH,.NH. 

^NH f - - J 


Giinniilops.siffsaurc 


NHa 

OrnUhin 


.NH, 

COOH-CH,.NHC< +COOH.CH-CH,-CH,.SCH, ^ 




NH 


Guanhlocsslfisaure 


NH, 

Mctliionin 


/NH, 

^NH 


->■ COOH-CH,.NC< +COOH-CH-CH,-CH,-SH 

I \l ■ ■ 

CHa NH, 

Krcatln K-Amino-y-tliiobuttersaurc 


bei Kelonurie gesteigert ist. Nadi Brentano soil die Krealinurie 
vor der Azetonurie auflreten und ein Anzeidien fiir einen er- 
hobten Glykogenzerfall in der Muskulatur darstellen. Da aber 
aiich Gliolin bei der Kelonurie in vermelirler Menge ausgeschie- 
den wird, ist es Avahrsdieinlidiei', dass die gesteigerte Krea- 
linaussdieidung mil einer Storung in denjenigen Prozessen 
zusammenliangt, weldie zur Glykogenbildung fiihren. 

Durch Beteiligung des Adenylsauresystems kann das Krea- 
tin Phosphorsaure unter Bildung von Kreatinpliosphorsaure 
(Pbospliagen) aufnehraen. Wahrend des Ruliestadiums dienl 
das Pbospliagen als eine Pbosphorsaurereserve in der Musku- 
lalur, wird aber bei Muskelkontraktion dephosphorylierl. Die 
frei gemadile Phosphorsaure wird zur Phosphorylierung des 
Hexosemolekiils beim Kohlehydratabbau verwendet, und hier- 
durdi wird das Kreatin zu ednem vermittelnden Faktor beim 
Kohlehydratumsalz. 
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Dcr Zilroncnsaurczylclns 

Neben den oben behandellen drei Mogliclikeiten fiir die Um- 
wandlung der Oxalessigsaiirc gibt es noch cine vierle, die von 
Martius zuerst nacbgewiesene Zitronensaurcbildung dnrcli Ver- 
bindung von Oxalessigsiiure nnd Brenzlranbensanre bei einei 
oxydativen Dekarboxj'lierimg. Audi Essigsaure kann sicb mil 
Oxalessigsiiure zu Zilronensliurc verbindcn. 


Oxalesslfisihirc 

CH,- coon 

1 

C-COOII 


CII,.COOII 


II 

+0 

1 

Rrcnzlraulicnsiiiirc 

0 

CHj 

io 

— ^ > 

-CO, 

C(0H)C001l 

1 

CHjCOCH 

ZKronrnsfinrc 

0xalcssif(sfiurc 

j 

COOlII 

CIb-COOH 

1 

C-COOII - 

(1 

0 

CH,COOH 

y 

CHXOOH 

1 

c(on)-coon 

Essifjsaurc 


CHs-COOII 

Zitronniisfiiirc 


Nacli Martins nnd Knoop wird die Zitroncnsaure iiber eine 
Scrie von Zwischcnproduklen, Akonilsaurc, Isozilroncnsaiire, 
a-Keloglutarsiiure, in Bernsteinsaurc umgewandelt, aus wclclier 
wieder Oxalessigsiiure cnlslebl. Diese lieferl dann durch Kop- 
pclung mit Brenzlraubensaure von neuem Zilroncnsiiure, wor- 
auf sicb der Vorgang in einem stiindigcn Kroislauf wiederholl, 
Es kann die Frage geslelU u'crdcn, ob sicb nicbt bei der Kon- 
densation der Oxalessigsiiure mil Brenzlraubensiiure und Essig- 
siiure primiir durcb Koppelung an die Kelogruppe mil Wasser- 

auslrilt derBrentz(raxdjensaureAkonilsiuirebildelCE/iren,w(7rd';. 

Oxalcsslnsiiurc CH.-COOH GH,.COOH 

C-COOH y C-COOH 

I! -H,0 II 

[0] CH-COOH 

CHfJ.COOH AK-onKsnare 

' immdliclic Milteilung. 
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Aus der Akonitsiiure kann dann durch Wasseranlagerung so- 
wohl Zilronensaurc als auch Isozitronensiiure entstehen. Es 


CH,-COOH 


CH,-COOH 

1 

C-COOH 

+OH — 

j 

► C(OH).COOH ■ 

CH-COOH 

H 

j 

CH,-COOH 

AUonilsiiurc 


Zilroncnsaure 

CH,-COOH 


CH,-COOH 

j 

C-COOH 

-fH - 

> CH-COOH 

1 

CH-COOH 

OH 

CH-OH-COOH 

Akonhsaurc 


Isozilronensaure 


bildcl sich dabei ein Gleichgewicblssyslem zwischen Zitronen- 
sihirc und Akonilsaure aus, welches mil der weiteren Um^d- 
king der IsozUronensaurc verschoben wird; 


Zilroncnsaure 


Akonitsiiure 

Isozilronensaure 


Bei Oxydation in snnror Losung findat cine 
rung dor Zilronensiiura stall, svelaha bei Amvesenhed sonBm 
dabei in Pentabromazeton ubergehen kann. 


CHo-COOH 

CH(OH)-COOH 

CHn-COOH 

Zitroncnsiiurc 


-CO, 


-3H 


CH'COOH 

ii 

COH 

CH,-COOH 


-flOBr 
! -> 

-2CO,-5HBr 


CBr, 

COH 

I 

CBr3 


A7.cloiHft»r1.o.rfmra rental, romazeloa 

(EnoHorm) 

Durch diasc Rcaklion sind S)""'” 

live Beslimnning der Zilronensau g g ^.it^onensaiirezyklu 
Bei der oxydativen Umwandlung n,anometrisch niessei 
wird Sauersloff verbrauchl, was ‘ yienge de 

kann. Hierdnrch svird “ I*; „„,ers,.chen (vgl. aa* ‘ 

oxydierbaren Sauren quantilativ zu 

"'Bei der snkressiven Umsvandlnng 
eine Serie von Dehydrierungsprozessei 
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Kuomi isl der Zilronensaurezyklus dahcr von BcdculoM fs, 
den Wnsserstomransport bei der biologischen Oxydation Jd 

""n' besonders 

in der Afuskulalur. Nach Krehs ist der ungestorte Zitronen- 

siuwemnsatz cine Voraussefzung fur die normale Atraun? der 
Muskulatur. ° 

Der Vcriauf des Zi ironensaurezyklus Avird aus der vorsfe- 
lienden scliematischen Darslellung ersichllich. 


2 . Der Hexo-Pentosenabbaii 

Der obcn bcschricbene Hexosenabbau erfoigt durch Spallung 
der Hcxosemonophosphorsaure in zwei Triosen im Zusammen- 
hang mil ciner Oxydo-Reduktion. In wachsenden Geweben and 
vielleicht iangsamer arbeiienden Organen ist der Kohlebydral- 
abbau von anderem Typ, er verlauft dort nichl nur iinler Trio- 
senbildung, sondern auch durch eine Oxydation und Dekar- 
boxylicning, nail Enlslelning von Pentosen als erslem Glied anJ 
mit Alhylalkohol imd A'ermutlich Glykol als Endprodukten 
Der physiologisch-chemische Verlauf ist u. a. durch Arbeiler 
von Dickens (1938) bekannt. 

Nacli der Bildung a^on Hexose-6-monophosphorsaure ist dei 
crste Schrilt bei diesem Hexosenabbauprozess eine Oxydation 
wobei Phosphogly^onsaure entsteht, Hierzu ist die Mibvirkuni 
vines wasserstoffiibcrfuhrenden Fermentsy stems erforderiicb 
vines Triphosphopyridinnukleotids [Warburgs Codehydrasell 
mit seinem Fermentprotein, sowie eines sauerstoffuberfuhren 
den Faktors, welcher Lakfoflavin sein kann (vgl. V. AbsclmiU) 
Durch die Wirkung eines anderen Fermentproteins, des b ar 
burgschen Protein I, in dem wasserstoffuhertragenden Systcn 
Avird die Phosphoglykonsaure zu 2-Keto-phosphogIykonsaiir< 
oxydiert, Avelche dann dekarboxyliert Asird, AA'obei sich ein 
Pentosemonophosphorsaure bildet. Diese ist nicht Ara ino 
sephosphorsaure, AAue es der Konfiguration nach zu erAAare 
Avare, sondern es findet eine Umlagerung mit Bildung 
Rihose-5-phosphat statt. Diese Pentose ist in grossem Ausni- 
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Die biologisclie Bedeutuiig dieses Abbauprozesses isl nocli 
dunkel. Wahrend der letzlen Jahre hat man sich vielfacli mil 
dicser Frage bescliafligt, nachdem Ohv Lindberg ( 1941 ) in 
Eicrn von Seclieren einen Pliosphatesler gefunden hat, der in 
diesen Zelien einen Hexosenzerfall entstehen lasst, welcher 
diircli Hexo-Penlosenabbau erfolgl. Diesen Pliosphatesler hat 
Lindberg auoh in der Leber und dem Gehirn von Saugetieren 
nachgewiesen. Der betreffende Ester ist slickstofffrei, enihah 
weder Hexose noch Penlosenreste, dagegen aber wahrscheinlich 
einen oxydierbaren Benzolring. Der Lindberg-Ester scheinl 
als ein sauerstoffuberfiihrcnder Faktor zu fungieren. Ausser- 
dem dienl derselbe nioglicherweise auch bei dem eigenllichen 
Phosphorylierungsprozess als wirksaraes Agens, Von dem sau- 
reloslichen Pbosphat im Seeigelei sind ca, 14,5 % der Phosphor- 
siiure in dem von Lindberg gefundenen Ester gebunden, ehva 
31,5 % an Adenosin, und nmd 54 fc bestehen aus anorgani- 
schen Phosphalen. Der Hexo-Pentosenabbaiiprozess ist mog- 
licherweise mil Lebensfimktionen des Zellkerns und mit dem 
Nukleinsaureumsatz verkniipft, aber hieruber ist noch iiichts 
Ijekannt. 


Kolileliydrat- und Stickstoffiimsatz 

Bei der Desaniinierung der Adenylsaure in der Muskulahir 
(S. 105) wird Ammoniak frei gemacht. Auch bei anderen Des- 
aminierungsprozessen im Organismus enlsteht Ammoniak. 

Die unter dem Gesichtspunkt des Energieliaushalls viditigstc 
Ammoniakbildung ist die bei oxydativer Desuminiernm der 
Aminosduren. Bei dieser entstehen intermediar foiinosauren, 
welche unter Bildung von Ketosauren hydrolytisch desami- 
niert werden. 

2 jj 

R-CH-NHoCOOH > R.C=NH-COOH 

Aminosaiire Iminostiurc 

R-C=NH-COOH — — > R-CO-COOH +H3N 
Iminosaure Ketosaure 
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Diese Rcaktion, welclie von Knoop (1911) und Embdcn 
(1912) zuerst nachgewiesen worden isf, hat Krebs eingehend 
siudiert. Die oxydalive Desaminicrung von Aminosiiuren fin- 
det bei hbheren Tieren namenllich in der Leber, den Niercn 
und der Hirnrinde stall; in anderen Organen und hei niederen 
Lebewesen ist die Aminoniakbildung durch Aniinosaurendes- 
aminierung nur unerbeblicb. Euler, Adler und Mitarbeitcr 
baben gezeigt, dass debydrierende Alinungsfcrmenle bei die- 
sem Desaminierungsprozess wirksam sind. 

Bei der weiteren Umsetzung des frei gemacblcn Ammoniaks 
sebeint die a-Ketoglutarsaure eine wicbligc Rolle zu spieicn. 
a-Ketoglularsaure wird inlennodiar bei der Zilroncnsaurever- 
Jjrennung gebildet. Sie wird durcli Ainmoniakanlagcrung und 
Reduktion in Glulaniinsaure uingewandell. Der A’organg ist 
revcrsibcl. 


COOH 

1 

COOH 

CH, 

1 

CH» 

1 

+2H 1 - 

CH» +H3N 

CHo 

1 

-2H I ■ 

CO 

[ 

CHNIL 

COOH 

1 * 
COOH 

Bf(lu(arsaurc 

GhUamJnsflurc 


+ HjO 


Bei Oxydation der Glulaniinsaure enlslebt wieder a-Kcloglu- 
farsaure. Dabei wird inlcrmediar Iminoglularsaurc gebildet. 


COOH 

1 

COOH 

J 

COOH 

CH„ 

1 

CH 

CH„ 

-2H 1 ■ 

1 

GH. 

. 1 


+2H 1 - ^ 

== CH.+HjN 

CHNH„ 

1 

C=NH 

1 

C=0 

COOH 

j 

COOH 

1 

COOH 


Imino{|Iu(arsuurc 
Nach Krebs und Cohen spielt das System 

Giutaminsiiure Iminoglularsiuire • 


ft-Kclojilutarsuiirc 
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ba der weileren 0:iydation dor a-Kelogluiareaure die Bolle 
eincs ,vassa,loffuberfuhrendon Faktors, Oieser P Jesf t 
0 g urch eine oxydaUve Dekarboxylierung, wobei die a-Kclo. 
giutarsaiire in Bernsleinsaure iibergelil. 


COOK 

I 

CH, 

I " - 
CH, 

I 

CO 


-CO, 


COOH 

1 

CH, 
i “ - 
CH. 

I 

CHO 


-fO 


COOH 

«-KetogIutarsaurc Bcrnstciusaurealdchyd 


COOH 

I 

CH, 

I 

CH, 

I 

COOH 

Bcrnstcinsaurc 


Die Iminoglutarsaurebildung aus der Glutaminsaure isl 
wahrscheinlich energetisch an den tlbergang der a-Ketoglutar- 
SHure in Bernsleinsaure gekoppelt. Dieser Prozess isl von 
Krebs und Cohen (1939) in den Nieren und der Herzmuskuia- 
tur naohgewiesen worden. 

Braunsfein und Kritzmann haben gezedgt, dass die Glutamin- 
saure bei Anwesenheit von Muskelextrakt ihr Ammoniak an 
a-Ketosauren abgeben kann, speziell an Brenztraubensaure 
und Oxalessigsaure. Hierbei werden die entsprechenden Ami- 
nosauren, Alanin und Asparaginsaure, gebildet. Es entstcht da 


. COOH COOH 

CO -f-- CHNH, 

CHg . CH, 

I 

CH.COOH 

Brcnztraulicnsaure Glutaminsaure 

wieder o-Ketoglutarsaure, welolie neues Ammoniak aufnehmcn 
und dasselbe auf andere Ketosauren unter Bildung von Ammo- 
saiiren ubertragen kann.. 

Die a-Ketoglutarsaure, Avelche beim oxydativen Abbau dc 
Kohlehydrate intermediar gebildet wird, wird bierdurch aiicl. 
zu einer fur den Stickstoffumsatz im Organismus bedeutungs- 
vollen Substanz. 


COOH COOH 

I I 

CHNH, + CO 

I ' f 
CH3 CH, 

CHjCOOH 

Alanin w-Kctoglutarsaurc 
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Die Glutaininsaure kann im Gegensatz zii vielen anderen 


Aminosiiuren weiterhin Ammoniak aufnehmen und in Glutamin 

iibergehen. 


COOH 

COOH 

I 

CHNH. 

CHNHj 

j 

CHo 4- H 3 N 

— ^ CHo + HjO 

+ Energie | - 

1 

CHoCOOH 

CHsCONHj 

Glutaminsaure 

Glutamin 


Diese Glutaniinsj'nthese ist von Krebs (1935) naoligewiesen 
Worden und setzt eine intakte Zellstruktur sowie Energiezu- 
fulir voraus. Die GIulaniins 5 oiUiesc erforderl die Amvescnheil 
von Sauersloff und lasst sicli unter anaeroben Vcrhaltnissen 
riicht nacliweisen. Namentlich in den Niercn erfolgl gclcgenl- 
lich der Atmung des Nierengewebcs nacb Krebs cine inten- 
sive Glutaminbildung aus Glutaminsaure und Ammoniak. 

Glutamin kann auch durch Abbau von Eiweisstoffen und 
Spaltung von Glulaininylpolypepfiden gebildet werden. 

Unter Mitwirkung eines desamidierenden Enzyms, der Glut- 
aminase, kann das Glutamin das aufgenommene Ammoniak 
wieder abgeben und sicJi in Glutaminsaure zuriickverwandeln. 
Nadi Krebs findet sidi Glutaminase in alien Gew’eben und Or- 
gaiien, in welchen eine Glutaminsynlhese statlfinden kann, im 
Geliirn, der Netzliaut, den Nieren, der Leber usw. Naoh Leut- 
Iiard ist der Glulaminasegehalt in der grauen Himsubstanz und 
im Nierenparench}Tn besonders hodi. Die Fabigkeit der Nie- 
ren, Ammoniak zu bilden, hiingt waliTscheinlich mit dem Glut- 
aminasegehalt des Nierenparenchyms zusammen. 

Orslrom (1939) hat eine starke Glutaminbildung aus Glut- 
aminsaure und Ammoniak in dem befruditelen Seeigelei ge- 
funden, nicht aber in dem unbefruchleten Ei. Ob es der ge- 
sleigerte Atmungsprozess oder andere Faktoren im befrudite- 
ten Ei sind, welche die Ursache der lebbafteren Glutaminsyn- 
these darstellen, ist nicht geklart. 

Die Ammoniakbildung in der lebenden Zelle wird daher 
wahrscheinlidi in grossem Umfang von dem Verhaltnis 
zwischen Glutaminsynthese und enzymatischem Glutaminzer- 
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svnff ^^erabgesetzter Atmung nimmt die Giutamin- 

5 nthese ab, ^^^bel sioh der enzymatische Glutaminzerfall stei- 
ocrt iind die Ammoniakbildung zunimmt. Ebenso verhiilt es 
sicb, wenn der Sauerstoff bei der zellularen Atmung zu einem 
anderen Zweck als zur Glutaminsyntbese verbraucbt wird, 
z. B, zur Oxydation von Ketonkorpern. Dieser Sachverhalt 
kann die vermehrte Ammoniakbildung in den Nieren gelegent- 
lich der gesleigerten. Ketonkorperverbrennung im Nierenparen- 
cbyni beim kelonkorperbildenden. Diabetes erklaren (vgl S 
248 u. 250). 

Bei der Glutaminsyntbese scheint nach Orstrdm die Wasser- 
sloffionenkonzentration von grosser Bedeutung zu seiir. sie 
bleibt im Seeigelei bei einem pH-Wert unter 6 oder iiber 9 aas. 

' Wenn die Glutaminsyntbese bei sinkendein pH-Wert abnimnil, 
entsteht freies Ainmoniak in gesteigerter Menge, welches bei 
der Kelosaureausscheidung als neutralisierender Faktor wirken 
kann. Da das Ammoniak ausserdem den Almungsprozess im 
Nierenparenchym anregt, nehmen durch die Ammoniakbildung 
wahrscbeinlich sowohl Ketonkorperverbrennung wie Ilesyn- 


tliese des Glutaniins zu. 

Nach Orstrdm ist der normale Glutamingehall des Bliiles 9,C 
± 0,30 mgfc. Beim Diabetes ist der Glutamingebalt des Blutes 
licrabgesetzt. Die bier folgende Tabelle 9 nach Orstrdm zeigl 
den Glutamingehalt des Blutes bei 8 Fallen von Diabetes (4 
ohne Ketonurie >'om Typus B, 4 mit ketonkbrperbildendem 
Diabetes vom Typus A, vgl. VIII. Abschmtt). 


TAB. 9. " 


GlutaminflcHalt des Blutes bei Diabctc.. 


Diabelestypus 

Glutamin 
mg % 

Diabelestypus 

Glutamin 
mg % 

Mil Ketonurie 
Marlin 0. . . . • 

Frans 0 

Bdrje K 

Helge H 

— 

3,s 

5.5 

3,7 

3.5 ^ 

Slittel 4,1 mg % 

Ohne Ketonurie 

Karl L 

Oskar A 

' Emilia L 

Emil N 

10,1 

5,5 

8,0 

7,0 

Mittcl 7,7 mfl % 
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Der GlulaniingchaU cles Blutes isl also l)eini Dial)etcs mil 
Kelonurie herabgeselzl. Wahrsclieinlicli liiingl die Aininoiiiak- 
bildung hei dcr Kelonurie mil einer ungeniigenden Gliilamin- 
hildung oder einem gesleigerlcn Ghilamin'/erfall •/iisammen. 
Bei der Desaniinicrung dcs Glulamins wird ■wiedor Glutamin- 
saiire gebildel, ■\velclie ihrcrscifs durcli ONvdalivc Desaminie- 
rung in a-Keloglularsaure rd)ergchf. Dicse wird gelegontlicli 
des Rtngprozessos des Zilrouensaiirczykliis leicht wcitcroxy- 
dicrl, 

Auf diese Woise wird die Kelonkdrpervcrhrenmmg von der 
Umsclzung des Glulamins abhiingig. wobel das Ammoniak hoi 
Kelonurie zu einem wirksanien Scbulz fiir die Nieren wird. 
Die Ammoniak-/?-Oxyl)ullersaureI)iIanz slolll also einen wicli- 
ligcn Faklor beim kclonkbrpcrbildcnden Diaboles dar, und 
dor Quolienl: 

Aminoiiink 

/)-OxylmUcr.s:iure 


im Urin bildel einen Massslab fiir die Ffilngkeil der Nieren, die 
Kelonkdrperl)ildung im Organismus zu I)cmeislcrn (vgl. VII. 
Absclmill, S. 239). 

Die a-Keloglularsuurc isl eiu heim KoUlebydralumsal/. inlcr- 
niediiir enlslebcnder Ammoniakakzeplor. Sie kann das vor- 
handene Ammoniak unler Ilildung von Glutaminsaure i)zw. 
Glulaniin binden. Dic.sc Sul)slanzcn kbnncn ibrer.scils Ammo- 
niak an Kelokarijonsauren unler Hildung von Aminosiiuren 
abgeben, welcbe dann in ncu gel)ildele Hiwcisskbrper eingelien 
konnen. 

V ie unten niiber ])e.sprocbcn werden wird, spiell nacli Or- 
siioin das Glulaniin wabrscbeinlicb aucli liei der Ilarnsloff-, 
'vombglich nocb bci der llarnsaurcbildung eine Rolle. Wenn 
dies dor Fall isl, dann kann eine gesleigerle Ilarnstoffbildung 
seilens des Syslems «-Kcloglular.saure— Glulaniin durcb Ver- 
sclnvinden der a-Keloglularsaure aus dein oxydaliven Unisel- 
zungsprozess dcr Cj-Sauren eine Sldrimg im Zilronensiiuroum- 
salz vcrursacben. 
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IVroMdung 

Die Glutaminsaure kann durch BingscWuss zwUchen der 

^-Karboxylgruppe zu Pyrrolkernen 


COOH 

1 

CH, CH„ 

CH CH 

CHn - 

HoO 

V 1 1 

CHn 

}’ • ' 

COOHCH CO 

1 

CH CH 

1 

CHNHn 

\/ 

\/ 

1 

NH 

NH 

COOH 



Glutaminsaure 

Pyrrolldonkarbonsaurc 

Pyrrol 


Da Pyrrolkerne in den Haminen, Porphyrinen und Galleii- 
farbstoffen enthalten sind, ist die Glutaminsaure w’omoglich 
auch fiir die Bildung dieser Subslanzen von Bedeulung. t)ber 
Pyrrolkbrper in Atmiingsfermenten vgl. S. 166, 


Die Harnstoffbildung 


Der iiberschussige Stickstoff verlasst den Korper zum gros- 
sen Teil als Harnstoff. Die Verteilung des ausgeschiedenen 
Slickstoffs dst unter normalen Verhaltnissen beim erv’achsenen 
und neugeborenen Menschen nach Sjoqvist folgende: 

Erwachsene Neugeborenc 

% % 


84—91 73—76 

HarnsloiT, 5 . 7 , 8 - 9,0 

^ 3, 0-8 , 5 

Harnsaure 7 ,’ 3 - 14,7 


iibr. N-hallige Sabslanzcn 


Die HamsfoffMMung findel 
Durcli Perfiisionsversuche an uberleben en e ‘ 

lasMn, Jansen n. a. naehgewiesen. 
paragin und andere Ammosauren m der kener 

“XTenS,* Das bei Desa— ^ 

werdende Ammoniak kann sich im Or^a 
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NIL 


j 

G=NH 


i 

NH 
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CIL 

A rgi n a sewi rk u iig. HN ] L 

CHNIL 

1 

COOH 

1 

COOH 

Ar$|lnin 

Ornilliin 


+ co( 


ML 

NH, 


Iliirnsloff 


mil Kohlendioxj’cl zu Hanisloff verbiiidcn. Diesc Syiilhese 
muss durch A^erniilllung kalalj'salorisch wirkender Siiljslaiizen 
crfolgen. Ein derarligcr Korpcr isl das Oniilhin. Krebs lial ge- 
zeigf, dass diese Aniinosaure in der Leber Koblendioxyd iind 
Amnioiiiak aufnebmen iind mil Zilrullin als Zwischensliife 
Arginin bildcn kann. 

Durch die Wirkung der von Kosscl iind Dakin in der Leber 
und Niere gefundcneii Arginase wird das Arginin in Ornilliin 
und Harnsloff gespallcn. Das wiedergcbildole Ornilliin kann 
von neuem Koblendioxyd und Ainnioniak aufnebmen, wobci 
wiederum Arginin enlslebl, welches dann zcrfiilll. Den Verlauf 
vcranscbaulicbl das bier folgende Schema. 
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ei FullerungsveKuohen mil Arginin fand Thompson die 
gesanilD Siicksloffmenge des Arginins in detn aiisgescbiedenen 
liariistoff wieder. Der tlberschuss an Ornitlnn muss dalier im 
Oiganisnius desanviniert und in Harnsloff umgewaiidelt wer- 
dcn. 

Der Gliitaminzyldus. Eine andere Form von Harnsloffhil- 
(lung, welche nicht die Amvesenheit von Ornitliin erfordert, 
ist von Leuthard und Bach angedeulet worden. Hier spieU 
wahrscheinlicli das Glulamin eine fiir. die Harnsloffbildung 
wcsenlliche Rolle. 

Ahs der a-Keloglularsaure kann durch Ammoniakanlage- 
rung Glulamin enlslehen. Nach Orstrom kann sicli aus dem 
Glulamin durch Aufnahme von Kohlendiox 5 'd und Ammoniak 
Guanidoglulaminsiiure bilden. Durch hydrolylische Spaltung 
wird aus diesem Produkt Harnsloff abgespalten und Glulamin 
wiedergebildet. 

Durch die a-Keloglnlarsanre kann also die Harnsloffbildung 
liber das Glulamin mil der oxydaliven Phase des Kohlehydral- 
abbaus verkoppell werden. Der Verlauf gehl aus dem hier 
eingefuglen Schema bervor. 
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Die Hamsdnrebildiing. 

Es gibl iui Orgauismiis drei Tj'pen von Harnsiiurebildung. 

1. Die exogene, wobei Harnsanre durcb SpaKung von piirin- 
lialtigen Subslanzen in der Nahning enlslehl. 

2. Die endogene, wobei Harnsanre durcli Zerfall der kdr- 
pereigenen Niikleinsiluren gebildel wird. 

3. Die Synlbese von Harnsanre im Znsamnienliang mil dein 
inleniiediaren Stoffwechsel. 

Die synlheliscbe Harnsanrebildnng, diirfle nnler normalen 
Vcrballnissen keine nennenswerle Rolle beim Menschen spielcn, 
isl aber u. a. bei Vogeln nnd Rcplilicn der gewdhnlichsle Wog 
der Slickstoffausschcidung. Rei pafbologiscben Znsliindcn ])eiin 
Menscben, speziell bei Gichi, spiell dagegen nach Orstrom die 
synlheliscbe Harnsanrebildnng cine ^YicbUge Rollo.^ Diese 
Harnsiiurebildung crfolgl nach Orslroins Unlcrsuchungcn iibcr 
Cdiilamin als Zwischenslufc, Bei Gichi isl der Glulamingchall 
im Blut sehr erniedrigt, elwa 1/10 des normalen, nnd scheint 
im akulen Gichlanfall gleich Null sein zu kdnnen. 

Der Mechanismus dicscr Harnsanrcsynlhese verliiufl nach 
Orstrom iiber cine Ureidbildung an a-Slicksloffaloinen im Ge* 
gensalz zu der Harnsloffbildung, wo die Ureidbildung bei m- 
Slicksloffalomen einsetzl, Durcli Ringschluss kann das cntspre- 
chende Glulaminhydanloin enlslelien. Die weileren Zwischen- 
slufen der Harnsanrebildnng sind noch nnbekannl. 


Der Fettuinsatz und seine Bezieliung ziiin 
normalen Kolile]iydratabl)an 

Die Ketonkorper 

Beim Diabeles Irelen in vielen Fallen Kelonkdrper, Azelon, 
Diazetsaure und ^-Oxybullersaurc, im Urin auf. Das Erschei- 
nen derselben ist mil Sldiaingen im Fellumsalz eng verkniipfl. 
Die Kelonkdrper kdnnen sowohl bei Sidrungen in der Fell- 
synlhese aus Kohlehydralen wic bei nnvollslandigem Abbau 
von Fellsauren im Zusammenhang mil ciner beeinlrachliglen 
Glykogensyn lhese enlslehen. 

') Im Driick in Archiv tOr Chcniie (Jan. 1913). 


11 
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Die Kelonkorper konnen ineinander flbergehen. Uiiter Was. 
sciauslnlt, 2 . B. bei. Behaiidhmg mil Schwetelsiiure, svird die 
/^-UxybuUersaurc an Krotonsaiire umgewandelt. Unter dem 

COOH.CH.-GH.CH, . COOH.CH=CH-CH., 


OH 

j^-Oxyl)uttcrsslurc 


-H,0 


Krotonsaurc 


Einfluss starker Oxydationsmittel, beispielsweise der Chrom- 
siiure, wird aiis der Krotonsaure, ebenso wie aus der i?-0xy- 
buttersimre, Diazetsaure. Umgekehrt wird /J-Oxybultersaure 
durch Reduktion yon Diazetsaure gebildet. Nach Neubauer ist 
der tibergang der Diazetsaure in ji5-Oxybuttersaure ein rever- 
sibler Prozess, dessen Gleichgewichtszustand bei einer hoheren 
/9-Oxybuttersaurekonzentration liegt. Der Obergang der Aze- 
ionkorper ineinander wird von der folgenden Obersicht veran- 
schauliclit: 


C00H-CH=C0H-CH3 

Enolform 


it 


-2H — COj /CHj 

COOH-CHo-CH-CH, . COOH-CHs-CO-GHj > 

I +2H 

Qjj Ketoform 

«-0.«.lHmcrsS..re AzclesslssSara 

P " (Diazetsaure) 


Fettsaurebildung 

Beiin Kohlehydratabbau kann sicli aus dei Brenztrai 

siiure Azetaldehyd bilden. ^ unter Wasserauslrill 

Werden zwei Molekule AzetaMehyd anto , , 

kondensierl, so entsteht Fellsneren 

nacH NencM der erste Schrilt bei der B.ldun„ 
imOrganismus. 

■ ■ . ^ rH,CH = CHCHO 

■ CHgCHO + CH 3 CHO I^'rotonaldeliytl 

9 Azntaldeliyd 
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Durcli elne Aldolkondensalion konnen die langen Kohlen- 
stoffkeflcii der Fetlsaiireii aiis dem Krolonaldeliyd aiifgebaiil 
werden. Nach Nencki ist folgender Verlaiif fiir die Fell.saiirc- 
synlhesc anzunehmen: 

CHj-CH= CH-CHO + CH 3 -CH = CII-CHO Aldolkondensalion 

CHj-CH = CH-CH-C1I;-CH = CIT-CHO )- 

! 

OH 

CIIj-CHo-CIL-CH-CIH-CH.-ClI.-CHO 

1 

OH 

CHj-CHj-CIF-CII = Cir-CIL-CHi-CHO >■ 

CIIa-CHn-CIk-CIF-CH.-CII.-CIF-CHO > 

CHa-CIF-CH.-CHj-CH.-CIL-CHj-COOH 
FctCsanro 

Fellsauren, ^Yclchc in Nculralfell luid Lipoidc eingelicn, ins- 
sen sicli also direkt aus Uinselzungsprodiikten dor Kolileliydrate 
herleiten. 

Die Zwischcnslufcn der cndogcnen Fcllsaurcbildung sind in- 
dessen nicht init Siclierbcil bekannl. Der Reicblum an Felt- 
sauren mil 18 Koblcnsloffalonien kann darauf liindeulen, dass 
die Fellsaurebildung moglicherweisc durcli Kondcnsalion von 
drci Hexosemolekiilen erfolgt, aber Jiieriiber vissen wir nichls. 

Bleibt die Krolonaldehydbildung aus, und findeL an Slelle 
derselben die Aldolkondensalion umniUclbar aus dem Azelal- 
deliyd stall, so enlslebt /1-Oxybutiersaurcaldebyd. Diescr kann 
zu P-OxybuUersiiure weileroxydierl werden. 

CIIjCIIO + CH3CHO > CHa- CH(OII) • GIF- CIIO 

Aldolkondensalion 

> CH3.CH(OH).CIL-COOir 

! Azclnldchyd (9-OxyIml(crsiiurc 

; W<^n im Zusammenliang mil der Kondcnsalion eine De- 
I 'ydrienmg einlrill, wird Azelessigsaiire gebildel. 




+ 4H 


-IFO 



+ 2H 
y 

+ 0 

y 



150 


CHgCHO + CH 3 CHO 


-2H 


CHa-CO-CHo-CHO 


i_ >■ CHa-CO-CHo-COOH 

AzetaWelyd AzclcssIpBurc 

Die Ketonkorperbildung kann in diesem Falle als cine un. 
vollstandige Fellsauresynthese belracMel verden Die Sloiun, 
rles noimalen Vorgangs besleht dabei m dem AusHeiben (Icr 

infanoskondensation zweier Azetaldehydmolekule unler i\as- 
MrLsWlt. wodnrch die Bildung des ungesalliglen Krotonaldc 

hyds nicht erfolgen kann. 

Fettsaureabbau 

Die 8-Oxydation 

=■ r.:ir'r '.s..'';"!,*. — 

v/erden. der hochmolekularen Fetlsim- 

Die langen KoWensto'fkelte ^ riedermolckulaTC 

len mussen dagegen eim Futleningsvcrsncte n"> 

BruohstUcke zei'legt j Knoop nachgewicsen, dass 

phenylsubstituierten Feltaa^n ha^ ,.K„Wcn- 

L Abbau der aich in erslcr Linic emc 

stottatom vor "X Oxydaiion einefKeic 

,?.Oxyfettsaure, welche bei lorl„es 

tettsaure entstehen lassl. 


R.CHn-CHn-COOH 

Feltsaiire 


r.CH-CHo-COOH 

in 

^.Oxyfcttsiiiirc 


I 

OH 

^-Oxylcllsuurc 

n.CO-CftCOOH+H:0 

^.Kclofeltsiinrc 



151 


Aus flCctofcllsiiurcn wire! Icichl Kohiciiclioxyd aus dcr Kar- 
boxylgnippe abgcspallet, wobei cin Kclon cnlslchl. 

-CO. 

ll-CO-CHslCOOiH — — > H-CO-CII, 

I 1 

(■i-Kclosaiirc Kctoii 

Bci weilerer Oxydation verschwindel die CHj-Gruppe, iind 
cs Avird Aviedcr cine Fcllsaurc gebildel, in wclcbcr cine /J-Oxy- 
dalioii von ncueni slaltfindcn kann. 

Die Oxydalion der CH--Gruppc wird wabrsclicinlicli von 
ciner \N^assersloffverscbicbnng durcli Enolascwirkung einge- 
Icilct, mil Enlslehung cincr Doppclbindnng, wcldic fur die 
Oxydalion leiclilcr zugiinglich isf. 

Man kann folgcndcn Vcrlauf annchnicn: 


+ 20 


R-CO-CIIj ^ 

iic=cirj - 
1 

> Jl-COOII + CJJ.O 


on 


Kclofonn 

Kiiolforni 


Kclon 


I'ctlsuurc rormaldchyd 

+ 0 

CILO 

■+ ii-coon 

+ 0 

y t:o, + 11.0 


Foriiinldcliyd Ainelscnsriiirc 

Bci Oxydalion von Keloncn wird also Amciscnsiiurc abgc- 
spallel, Avelclie Iciehl zii Kolilcndioxyd und Wasscr oxydierl 
Avird. 

BlixcuJ<roiic-M oiler liat n. a. den SaAicrsloffA’crbraucli und 
den respiralorisclien Quolicnicn bei Perfusionsvcrsiiclicn an 
Lebern pankreasloser Kaizen nnlersuchl. Er kam zu dein 
Schluss, dass die langen Fctlsdurckohlcnstoffkedcn bcim Ah- 
baa zimdchsi in mehrere knrzc Kcltcn mil jc A Kohlcnstoff- 
aiomen zerfoUen, ivclche der Biitlersuurc entspreelwru Erst in 
diesem Stadium beginnl die /5-Oxydalion. Bei mangelhaflcr 
Oxydalion cnlslchl /?-Oxybultersaurc, Diazelsaurc oder Azelon, 
jc nachdein, Avie AA’cil der Oxydalionsprozcss fortschreilet. Aus 
jedem Molckiil ciner hdheren Fcllsiiurc Averden liierdurch nich- 
rerr Molckiile Azclonkbrper gcbildcl. 
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1st der Fellsaureabbau bis 2 ur Bildung von Azetessigsatire 
forfgescbntleii, dann lean aus dieser nach Enoltransformierunc 
enhveder Glyoxylsaure, oder nach Dekarboxyliefung Formal 
dehyd abgespallet werden (vgi. S. 124). In beiden Fallen bleibl 
Essjgsaurc ubrig. Diese sdieint ini Organismus nichl direkl 
verbrannt werden zu konnen (s, S. 123). 

Die Verbrennung der Keionkdrper geht nach Snapper , and 
Gmnbaum vor allem in den Nieren, aber auch in der Musku- 
lalur vonstallen. Bei Perfusionsversuchen an Hundemuskula- 
lur haben Snapper und Grunhaum gefunden, dass eine Yer- 
brennnung von Azetessigsaure und /5-Oxybuttersaure slallfin- 
den kann. Der Verlanf im einzelnen ist nicht geklart. 

Tocnicssen und Brinkmann haben nachgewiesen, dass Brenz- 


Iraubensaure in der Muskulalur des Kaninchens in Bernslein- 
saurc umgewandelt wird. Essigsaure und Azelaldehyd bewir- 
ken niclit diese Bernsteinsaurebildung. Wird also bei der Ver- 
brennimg der Azetessigsaure Essigsaure gebildet, so kann diese 
wahrscheinlicli nicht in der Muskulalur direkt in Bernslein- 
saure verwandelt werden. Die weitere Umwandlung der Essig- 


siiure erfoigt moglicherweise indirekt iiber den Zilronensaure- 
zjdvlus in Verbinduhg mit dem oxydativen Abbau der Kohle- 
hydrale (vgl. S. 135) . Dadurch kann womoglich die anlikelo- 
gene Wirkung der Kohlehydrale erklart werden. 

Blixenkronc-MoUer hat femer gefunden, dass die Ketonkor- 
perbildung in den einzelnen Lebern verschieden stark ist. Sie 
wecliselt mit dem Glykogengehalt. In glykogenreichen Lebern 
ist die Ketonkorperbildung geringer, sie nimmt aber zu, venn 
die Leber arm an Glykogen ist, namentlich werm sie dabei fell- 

iToioli ist 

Eine herabgesetzte Glykogenbildung in der Leber kann der 
Ausdruck ungeniigender Oxydationsprozesse sein. Diese ubeii 
da auoh eine Ruekvdrkung auf den Fettumsatz aus, sowoli) 
beim Abbau der Fettsauren, als auch beim Aufbau derselbcn 
aus intermediaren Stoffweohselprodukten. Der Keton 
bildung kommt dabei eine verschiedene biologisolie e 
zu, je nachdem, ob dieselbe durch einen unvollstandioen 
simreabbau oder durch eine unzulangliche Fettsauresyn ' i 
zustande gekommen ist. Die fetten und die mageren keton p 
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perbildendcii Diabctikertypen sind moglichcrwcise cine kli- 
nischc Maiiifeslalion dcs verschicdenen primarcn Bildungs- 
modiis dcr Kelonkorpcr. 

Dcr Ziisammcnhang zwiscbcn dcm Glykogengchall der Le- 
ber uiid dor Azetonkorpei'bildung ist unklar. Ls isl niebt Ic- 
diglich die Menge des Glykogens in dcr Leber, wclclie fiir die 
Kelonkorperbildung bcslimmend isl. 

Vendeg hat bei Hungei-versuchen an Hnnden am 3. Hunger- 
tage einen geringeren Gljdcogengchalt als 1 % in der Leber 
obne nenncnswerle Keloniirie gefunden. Nacb Swoebiger ein- 
seiliger Feltkosl Iritt dagegen cine slarke Kelonkorperbildung 
ein. Die Leber kann da iiber 2 % Glykogen cnlballcn, isl aber 
gleicbzeitig fettreicber. Vendeg konslaiierlc bei scinen Versu- 
cben, dass das normale Tier bei fellreicber, kobleb 5 ’dratarmer 
Nabrung wiibrend dcr crslen 2 — 3 Woeben cine intensive Zuk- 
kcrbildung aus Felt aulvies. Normalerwcise trill da keine 
slarkerc Ketonuric auf. Erst nacb 3 bis 4 Woeben maebt sicb 
cine slarkerc Kelonkorperbildung bemerkbar. Da sleigt aucb 
der Fcllgcbalt dcr Leber. Die Filbigkcil dcs Lcbcrfells, Zuckcr 
zu bilden, kan nacb Vendeg bis auf ein Sccbslcl der Norm ber- 
abgcsetzt scin. Die Kelonkorperbildung ■ware da als ein Aus- 
druck fiir die Unfabigkeit dcr Leber, Fell in Koblcbydrale um- 
zinvandeln, aufzufassen. 

Das Insulin wirkt nacb Vendeg wHbrend dcr crslen und 
zweilen Phase dcr Fellkosl versebieden. In der crslen Periode, 
in der die Leberfunkliou verbiiltnismassig ungesebiidigt ist, 
wiirde das Insulin die Menge dcs Leberglykogens vermindeni, 
die dcs Muskelglykogens aber zum Slcigen bringen. Wabrend 
der zweilen Periode dagegen, wo die Zuclverbildungsfunklion 
der Leber durcb die anbaltende Feltkosl gesebadigt isl, wird 
weder die Menge des Leberglykogens nocb die des Muskelgly- 
kogens beeinflussl, obgleicb das Lebcrfett imter dcr Einwir- 
kung von Insulin abninunl. Bbilzuckergebalt und Zuckeraus- 
sebeidung lassen jedocb bei dcr Insulinwirkung cine Tendenz 
zum Steigen erkennen, was wabrscbcinlicb auf eine Zuckerbil- 
dung aus dem versclnvindenden Lcberfell zuriiclczufubrcn isl. 

Die versebiedene Wirkung von Insulin wiibrend der crslen 
und zweilen Phase dcr Fcltfiilterung dculet darauf bin, dass 
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uckerbildung und Ghjkogenspeicheriing zwei teilweise qc- 
nnnfe Prozesse sind. Die Glykogensynthese ist der empfind- 
licliere \ organg, welcher zuerst eine dauernde Schadigung er- 
fahrt. Dieselbe wiirde von Insulin nicht beeinflusst ^Ycrden. 

^ Vendegs Untersuchungen sind dadurch zum Teil unvollslan- 
dig geblieben, dass die durch die rhylhmische Leberfunktion 
verursacliten normalen Variationen keine Beriicksichtigung 
gefunden haben. Werden die Schlussfolgerungen Vendegs be- 
statigt, so sind ddese Untersuchungen von grossem Intercssc. 
Sie geben direkt iiber den schadlichen Einfluss einer anhaltcn- 
den Kohlehydratentbehrung auf die Glykogenbildungsfunklion 
der Leber Aufschluss. 

Wenn mehr Ketonkorper im Organismus gebildet werden, 
als verbrannt werden konnen, wird der Uberschuss im Urin 
Oder, nach Umwandlung in Azeton, teilweise mit der Respira- 
tionsluft ausgeschieden. Kann nicht alles beseitigt werden, so 
kommt eine Anhaufung von Ketonkorpern im Blut und in den 
Geweben zustande. Die dabei auftretende Azidose wird im VII, 
Abschnitt naher besprochen werden. 

Die Ketonkorperaussoheidung hangt nicht nur von der Ke- 
tonkorperbildung ab, sondem auch von der Ketonkorperver- 
brennung im Organismus. Die periodische Ketonkorperbildung 
im Zusammenbang mit der rhythmischen Leberlhigkeit 
braucht sich daher nicht stets in der Ketonurie widerzuspic- 
geln, denn eine zeitweise gesteigerte Ketonkorperverbrennung 
kann hierbei die periodische Bildung verschleiern. Es ist da 
selbstverstandlich nicht moglich, durch die Ketonurie zii ent- 
scheiden, oh die Ketonkorperbildung periodisch erfolgle oder 

nicht (vgl. S. 37). _ ^ 

iDas Vorkommen von Ketonkorpern im Harn ist beim la 
betes ein ungunstigeres Zeiohcn als Zuckerdiurese und Blut 
zuckersteigerung. Es liegt wahrscheinlich eine Stoning in den 
jenigen Reaktionsvorgangen vor, welche zur Zuckerbildung aus 
B’ett fiihren. Ausserdem ist die Ketonkorperbildung ein m 
weis auf eine verschlechterte Glykogenerzeugung in der 
Nach Vendeg erleichtert das Insulin die Umwandlung des jeUs 
in Zucker, es scheint aber dagegen die GU'kogenbildungsfabio 



155 


keit des Organismus nioht direkt zu steigern. Diese ist cine 
von der Zuckerbildung getrennte Eunktion. 

Beim Diabetes findet man auch im Einklang biermit, dass 
das Insulin in vielen Fallen die Ketonkorperaussclieidung rascb 
lierabdriickt, welche aufhort, wiihrend die Zuckerausscheidung 
zunaclist unverandert bleibt oder sogar steigt (vgl. Abb. 99 S. 
379). 

Es ist eine beim Beginn der Insulinbehandlung haufige Be- 
obachtung, dass der Insulinbedarf nacli dem Versohwinden 
der Azidose Schrilt fiir Schritt geringer wird. Dies zeigt sich 
u. a. in fortsdireitender Verminderung der Zuckerausscheidung 
bci konstanter Insulindosis und Nahrungszufuhr. Das Phano- 
men kann der Ausdruck einer durch die Insulinbehandlung all- 
mahlich verbesserten Glykogenbildung sein (s. Abb. 100 S. 381). 

Wird die Kohlehydratzufuhr bei einem ketonkorperbilden- 
den, mit Insulin behandelten Diabetiker konstant beibehalten, 
die Insulindosis aber sukzessive verkleinert, so bleibt die Zuk- 
keraussoheidung relativ unverandert und entspricht der zuge- 
fuhrten Kohlehydratmenge. Die Ketonkorperaussclieidung 
weist dagegen eine starke Zunahme auf, wenn die Insulindosis 
herabgesetzt wird (s. Abb. 56 S. 275). Auch dieser Sachverhalt 
kann darauf hindeuten, dass es der Dbergang des Fetts in 
Zucker ist, welcher bei mangelnder Insulinwirkung in erster 
Lillie erschwert wird. Dies ist jedocli sicherlich nur eine Par- 
tialfuiiktion des Insulins im Organismus (vgl. S. 316) . 

Die (Jo-Oxydation 

Die Oxydation der Fettsauren erfolgt nicht inimer durch 
eine ^-Oxydation mit Ketosaurebildung. In gewissen Fallen 
findet eine Bildung von Dikarbonsauren durch Oxydation der 
Endmethylgruppe der Fettsauren statt. Diese co-Oxydation hat 
Verkade nach Fiitterungsversuchen mit 10 und 11 Kohlen- 
stoffatome enthaltenden Fettsauren nacligewiesen. Dabei wa- 
ren die entsprechenden Dikarbonsauren ini Urin zu finden. 

Mazza hat gezeigt, dass Fettsauren bei Anwesenheit von Le- 
ber- und Nierensubstanz zu Dikarbonsauren oxydiert werden 
kdnnen, welche in Diketo-Dikarbonsauren weiterumgeivandelt 
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widen. Es isl unsicher. ob diese oi-Oxydalion in grosscrcm 
Itafaiig ,m Orgamsmus stattfindel, iind mibckaimt, ob sic filr 
die intermediaren Stoffwechselprozesse Bedeutung bcsitzf 


Biocliemische T ransformationsprozessc 

Einige der Transformationsprozesse des Zwiscliensloffwcdi- 
sels sind in dein folgenden Schema zusammengeslellt. Es 
sei ausdriicklich betont, dass dasselbe nichts andcres dar- 
stellen soil, als ein Arbeitsschema zum weiteren Stiidiiim der 
diabetischen Stoffwecbselstorung, Es ist daher keineswcgs als 
eine Wiedergabe endgiiltig gesicherter Reaktionsverlaufe zu bc- 
trachten. Das Fortschreiten der Realctionen ist sicherlich nichl 
imbeding.t an irgendwelche bestimmten Bahnen gehundcn, 
sondem es gibt wahrsoheinlich mehrere Reaklionswege, svclcbe 
je nach den verscbiedenen Bediirfnissen des Organistntis wech- 
seln. Der Lebensprozess ist ein energetisches Problem. Die 
konstitutionschemische Stofftransformation ist lediglich dor 
Ausdruck eines Energieaustausches zxsdschen verschiedenen 
Sulastanzen. Abhangig von den Fimktionen des Korpcrs v.ird 
bei dieser Stoffuniformung Energie frei gemacht odcr gcspei- 
chert. Alle die abnormen Ausscheidungproduktc, ^Yclcbc man 
im Harn eines Diabetikers finden kann, sind sicber nicht Zci- 
chen einer lokalisierten primaren Stoning in einem beslimm- 
ten Reaktionssystem, sondern eher als Indikatoren fiir cincn 
veranderten Energieaustausoli in den gekoppelten Sysfcmcn 
durch Storungen der oxydativen Prozesse aiifzufasscn. Das Dia- 
betesproblem wird iiierdurch zu einem energetischen Problem 
von ausserst komplizierter Art, mit Prozessen, die in vcrsduc- 
denen Organen gestort sind. 





V. AliSCHNITT 


Der Aspliyxiedial3etes imd die l)iologisclieii 
Ox}^d atioiispr ozesse . 


Glykogcnbilclung imd Kohlehj'dralvcrbrcnnung iin Organis- 
iiiiis crfolgen, wie "wir in vorangehcndcn AbschniUcn kcnnengc- 
Icrnt habcn, iiber cine Scrie von inlennediaren Zwiscbcnslufcn. 
Dui'cb gekoppclle Oxydo-Rcduklions- und andcrc Uinwand- 
lungsprozesse, aycIcIic das Vorbandensein biologiscb wirksamcr 
Fernienlsysleme erfordern, gclit die nonnalc Kohlcbydralvcr- 
brcnnung ibrcn Gang, bis cndlicli Kohlcndioxyd und Wasser 
f.nlslelicn. Will man sicb vom Mccbanismns dcs Kohlebydral- 
abbaus cin klarcrcs Bild macbcn, so muss man sicb zunaclisl 
iiber die Wdrkung dcr biologischcn OxN’dalionsfcrmcnlc unlcr- 
richlen. 


Dcr Asplij'xicdialiclos 

Da (lie synllicUsclicn Prozesse an den oxydaliven Abbau dcr 
Kolilcbydrale gckoppelt sind, komml es bci Slbrungen im 
Kohlebydralabbau ancli zu solcben dcr Glykogenbildung. Dabci 
kann cine Anhaufung von Glykose und unvollstiindig umge- 
Avandellen Abbauproduklcn slallfindcn, wodurch ein Diabelcs 
uiit Aussebeidung von Zuckcr sowic aucb von niclil in normalev 
Weise verarbeilelen Sloffwecliselproduklcn zuslande komml. 

Arald (1891) fand, dass bei Saiicrsloffmangel und Erslickung 
cin Diabetes mil abnormer Glykosebildung im Organismus auf- 
Irat. Er konnlc dabei aucb cine regehvidrige Milcbsaurcbildung 
uaclnveisen. Dicser Asphyxiediabclcs liissl bei gcslcigerler 
Saiierstoffzufubr nach Oder versclnvdndct. 

Bei der Erslickung cnlsleben ebenfalls loxiscbe Produklc, 
velclie diabetcsauslosend -vvirken. Ynmahami hal bcobacblcl, 
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dass nadi Emspritzung von Blut erstickender Tierc bci norma 

' ^^^^tzuckersteageruiig eintritl. 

Bei Kohlcnoxijdvergifiung mit Blockierung des sauersloff 
Hamoglobins trift nichl selten einc Glykosuric 

ergif (ungssymptome abgeklungen sind fEiuaWi 

Em dzabetisclier Zustand entwickelt sich bei hochgradigem 
i- aiierstoffmangel mit Asphyxie in Geweben und Organen. Bei 
anhaltendem Sauersloffmangel tritt im Anfangssfadium ein 
Sinken des Blufzuckerspiegels ein, welches scbon Claude Ber- 
nard beobachlet batte. 

Die Angaben iiber Veranderungen des Blutzuckerspiegels in 
grdsseren Hohen mit niedrigem Luftdruck widersprechen cin- 
ander. Aggazotti u. a. haben Senkungen des normalen Bliif- 
znckergehalls gefunden, Araki, Kellaway, Eadie and Maclcod 
n. a. dagegen einen Anslieg. Andere Autoren wieder haben 
keinerlei Veranderung des Blutzuckerspiegels in grosseren Ho- 
ben gefunden {Laubender,-Wertheimer n. a,). 

Kreienhcrg und Gerke (1941) baben initiale Veranderungen 
des Blutzuckerspiegels bei Versueben in einer Unterdruckkam- 
iner untersuebt, bei denen die Herabseizung des Lufldrucks 
Hdbenlagen von bis 8000 m enisprach. In Abb. 36 ist einer 
von den l^ersucben dieser Forseber wiedergegeben. Aus die- 
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sen Unlersuchuiigen gelil zweifclfrci hcrvor, dass Saiiersloff- 
inangel bercils in einem friihen Sladiiim die Blulznckerregii' 
lation becinfliisscn kann. 

Bei Saiiersloffmangel iind Aspbyxie wcrdcn aiich ncrvosc 
Zeniren in Mitlcidcnscliaft gczogen. Sie werden anfangs gereizl, 
aber spiiler gelabmt (Vcrworn). Es isl denkbar, dass cine 
aspbyktiscbe Reizung diircb gesleigerle Wirknng des Adrenalin- 
systems oinen Diabetes hervorrufcn kann. KeUawaij, Slcwarl 
iind Tiogojf baben indessen gezcigt, dass Hyperglykaniic iind 
Zuckeraussclieidung bei Erstickung auch nach Enlfcrniing der 
Nebennieren einlreten. Dagegen scheint der Sauerstoffmangel 
direkt auf die Leberzellen cinzinvirken. 

Lesser, Masing u. a. baben gefunden, dass ein sauerstoffar- 
nies Perfusionsblul nacb der Passage diirch iibcrlebendc Ka- 
ninchenlebern einen hdlioren Zuckergebalt hat als ein saiier- 
stoffreiches. Dieser Befund spricbl entweder fiir einen gcstei- 
gerten Glykogenzerfall oder fiir cine berabgeselzte Glykogcn- 
bildung in der Leber bei mangelnder Sauersloffzufuhr. 


Der Ilundcrdiaboles 

Ein Diabetes kann fcrner bei Hunger oder langc dauerndem 
Kohlehydratmangel in dor Nahning entsleben. Mdglicherweise 
tritt dabei ein Mangel an denjenigcn Inlennediarsubstanzcn ein, 
welcbe zum Forlscbreitcn der gckoppelten Reaklionen nol\Ycn- 
dig sind, oder eine Verarnumg des Kdrpcrs an den die biolo- 
giscben Oxydationsvorgange vcrmillelnden Stoffen. Fcblen 
Koblebydrale in der Nalinuig, so miissen Gl3’kogensyntbcse nnd 
Zuckcrbildnng aus Felt oder Eiwciss erfolgen. In erslcr Linie 
werden dalmi Kohleliydrate aus dem Nahrnngsfett oder, wenn 
solclies nicht zur Verfiigung slchl, aus dem Depotfelt im Kor- 
per gebildet. Dabei kann sich cine Kelonkdrperbildung mil 
Anliaufung von sauren Stoffwccbselproduktcn einstellen, was 
semerseils zu einer Himgerazidose und auch Hungerglykosurie 
fiihren kann. 

Der folgende Fall isl ein Beispiel fiir einen Diabetes vom 
Hungerlyp. 
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1878. 

S';'‘ “St,' '™*- 

Opprcssioiisgefiihl. Lange 171 pm r Kuzatmigkeii mil 

Blutdruck 170—100. TcetaittTt ttf .’’""P* 5 
Grenzen 3 bzw, 11 cm. Tone dumnt iS ,^'?“schwellung. te, 
Anssohoid„„g*„rve„ von den Beothlnn'gtttSSi.*'' 



AhV. 37. Fall von Hungerglykosurie be! 47jabrigem Diabetiker mil kardialen 

Bescbwerden. 


, Hier tritt also bei einem fetten Patient en mit Herzverande- 
Tungen und versagender HerzJaaft wdhrend eines Hungertages 
eine starJce Zuckerausscheidung auf. Die Kelonurie, welclie 
sicJi am Tage vor dem Hungertage bei kohlehydrat- and fell- 
reidier Probekost bemerkbar machte, verscliAvand niit zuneli* 
mender ZucJcerausscheidung wahrend des Himgertages. 

Nach Elias und Kolb Avird ein Hungerdiabetes von der ge-. 
steigeiden Blut- und Gewebsaziditat verulrsacht. Durch Alkali- 
zufuhr Avird die Glykosurie vermindert, umgekehrt steigt sie 
aker.nacli Zufuhr kleiner Mengen von Sauren. 

Die Injektion von Sauren in die Pfortsder steigerl nacb Pcwij 
und Bywaters den postraortaJen Glykogenzerfall in der Leber, 
Alkali hat die entgegengesetzte Wirkung. 

Murlin hat sich init der Wirkung peroral zugefuhrter Saiire 
und Alkalikarbonats hinsichflich des BIutzuckergeliaHs und er 


to 
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Glykosurae bei pankreaslosen Tieren beschiiftigt. Er land cine 
Zunabme des Blulzuckergcballs iiach Ztifubr von Mineralsaii- 
ren. 

Danell und Underhill slelllen fcsl, dass cine basenrciche Er- 
nulming bei Kaninchen oinen hoberen LebcrglykogengeJiall zur 
Folge hat, als Fullernng mit saiircbildenden Nahrungssloffen. 
Einc bascnreiche Kost ist dahcr bei Diabclcsformcn mil hernb- 
(jesctzler Lcberghjlcogeiibildung indizicri. 

Liegt eine abnorme Produklion organischer Siinren infolgc 
tiner Stoning des Interincdiarstoffwechsels vor, so verschliin- 
mert sich der diabelische Zustand. Dies zcigt sicb u. a. in cincm 
gesteigerleii Insulinbedarf nnd in vermcbrtcr Zuckerausscbei- 
(lung in der erslen Zcit nacb dem Vcrsclnvindcn der Azidosc. 
Hand in Hand mit dem Aufborcn dcr Nacbwirkungcn der Azi- 
dose auf die lebendcn Zcllen nnd dem Normahverdcn dcs Siin- 
ren-Basengleicbgewicbls wird dcr Insulinbedarf Scbrill fiir 
Schrilt kleiner, wobei die Znekerdiurese sinkt. Die beim Diabe- 
tes auflretcnden Ketosauren enlsleben bei Slornngen im norma- 
lon Feltsaurcurasatz, wabrscbeinlicli durcb ungeniigende Plios- 
pbalidbildnng (vgl. S. 296). Neben ibrer Bcdentnng als Azidose 
hen-orrufender Faklor zeigen daber die Ketosiiuren durcb ibr 
Auflreten iiocli liefer greifende Slornngen im Stoffwecbsel an. 
Beim Diabetes ist dahcr in erster Linie cine vorhandcnc Azidosc 
zii behdmpfen. 

Beim Abbau der Glykose und bei der oxydativen Resyntbase 
des Glykogens trill mitbin dcr biologischc Oxgdalioiisprozcss 
in den Vordergrund. Dcr normale Vcrlauf desselben ist fiir den 
inlcrmediaren Koblebydralsloffwecbsel entsebeidend. Eine nii- 
liere Kennlnis dcs Vcrlanfs bei diesem Prozess ist daber eine 
notwendige Voraussetzung fiir das Versliindnis der normalen 
und palliologiscli vcriindcrlen Umsclzung der Kobleliydratc. 


Dcr biologisclic Oxydalionsprozess 

Nur bei holier Temperalur nnd mit starken Oxydationsmil- 
leln ist es unler gewobnlicben Bedingungen moglicb, Fetle und 
ICohlehydrale zii den Endproduklcn Koblcndioxyd und Wasser 



1G2 


wcjel,c.. tei aer AU,„,„, «ufUu„t\.S: : Su ™C 
g bm geb„„dc„ Gowobe „„d Organe. Wean derseCfvil 
10 gemachl wird, vermag er nicht direkt auf das Brennmale- 
nal ciminvirken, welches aus der verzehrten Nahrung oder aus 
iJepols im Korper stanimt und verbraucht werden muss urn 
den Lcbensprozess im Gange zu halten. 

Es ist lange ein Ratsel gewesen, wie die biologische Verbren- 
ining zuslande kommt. Bei dieser entstelien bei Korpertempe- 
ralur Reaklionsproduktc, welche bei einer gewobnlichen Ver- 
brennung eine so hohe Temperatur erfordern wiirden, dass 
aiich die Kbrpergewebe verbrannt werden miissten. Es sind vor 
allem die grundlegenden Arbeiten von Warburg und von IV’ie- 


land imd Tbunberg, denen wir eine teilweise Klarstellung des 
biologischen Oxydationsvorgangs zu verdanken liaben. 

Eine ^''erbrennung organischer Substanzen bedeulet einen Ab- 
bail von kohlenstoff- und wasserstoffhaltigen Verbindungen zu 
einfaclien Endprodukten, Kohlendioxyd und Wasser, unler 
Freimachung von Ehergie. Hierzu ist die Mitwirkung von 
Sauerstoff erforderlidi. 


Dcr Oxydationsprozcss Idiift letzten Endes auf einen Elek- 
Ironenaiistaiisch zwischen Aiomen hinaus. Dieser Elektronen- 
austausch wird in der Regel von Sauerstoff- oder Wassersloff- 
aloraen vermittelt. Die Oxydation kann dadurcb enlweder als 
eine Aufnalime von Sauerstoff oder als Abgabe von Wasser- 
stoff, eine Dehydrierung, in Erscheinung treten. Audi eine ^ a- 


lenzandemng kann ein oxydativer Vorgang sein. 

Die Oxydation einer Substanz ist an die Redukdon einer an- 
deren gekoppelt. Dabei kann die oxydierte Substanz Sauwsto 
/on der oxydierenden empfangen oder Wasserstoff an lese 

Molekularer Sauerstoff oder Wasserstoff kann niclit direkt 
m Oxydalionsprozess teilnebmen; die Alome mussen 
ktiviert werden. Dies geschieht durch Energiezufub in 
endeiner Form, entweder durch direkte Ener^^eaufnabmeJ^-. 
, durch Absorption eines Lichtquaritums) , o er 


wirkung katalytiscli aktiver Substanzen. 



Sauor.s(ofi‘al{(ivicroinl(* ForiiKMilc 


Die l>iolo 5 »isclie Oxydalion erfonltn'l dii*. Milwirkim^ cincr 
Kcihc von Oxydalionsfermcntcn. Dicsc Oxydalionsfonncnle 
lassen sich in zwel vcr.scbiodone Griippcn oinleilt'ii, die dcr 
sfiiicrsloffah'iivicreiulen und die der iuftsscrsloffaktivicrcndcn 
l)7.\v. wasscrsloffiihorlragenden I'cnncnio, 

Das Vorkomnien von Oxydalionsenzynien, Oxiidascn, war 
l)croits 1894 von Bertrand n. a. iiachgcwiosc'ii worden. Die Oxy- 
dasen aklivicrcn niolekularen und oxydgebnndenen Sauersloff. 
Anderc Oxydalionsenzyine sind die I’eroxtidasen. Dicse 
inachcn peroxydgehundonen Sauersloff froi und iiberlragen 
d(.‘nscll)cn anf gcoignele oxydieii»are Subslandeu. Willsldtler 
und Milarlieiler haben zuersl die Isolierung der Deroxydase aus 
Mccrrellicli und andcren Pflanzenleilon versurlU. Thcorell slell- 
le 1941 dicse baininballigo IVroxydasc in krislallini.seber Form 
dar. Arjner (1941) koiinle aus Leukozylcn cine andere baiiiin- 
ballige Peroxydasc, die Mticloperoxydase, gcwinium. Dicsellx; 
ibl griin und spicll waluscbeinlicb l)ci Infcktionszuslandcn 
cine wichligc Rollc. Aueh in der Milch bal man cine iilinliche 
A’erdoperoxydase die Lactoperoxtidase gefunden. 

Fine wcilcrc Wirkimg dcr Oxydationsfcrmcnlc isl die K(dn- 
/osewirkung. Dabci wird Wasscrsbiffsupcroxyd unler Fulslc- 
Imng molckularen Saucrsloffs gcspalicn. Wabrscbciiilieii kanu 
der frei gewordeue Sauersloff iu slain iiascendi zur Oxydalion 
verscbicdcncr Sul)slrale dieiicn. 

Dcr Sauersloff kanu auch in Oromdbindung auflreleu. Dicse 
bindungsforin komml cnlwcdcr durcb iMiiwirkung von (4zon 
aiif luigcsatliglo Kobicnsloffalome zuslande, odcr durcb den 
lanfluss molckularen Saucrsloffs auf die Iclzlercn, wdebe 
durcb Absorption von Licblcncrgie bci Dc.slrabluug mil kurz- 
"'clligein Licbl aklivierl wordeu sind. Der ozonidgcbiindcne 
Sauersloff zerfalll aussersl Icicbl sponlan. Dabci wird akiiver 
Sauersloff frei und kann in gewissen I'allcn als Oxydaliojis- 
kalalysalor wirken (Smc/i.s.von und Mfdlersirdin). 

Dcr Sauersloff- bzw. Wasscrsloffakliviorung durcb die kk'r- 
menle liegl cine Labilisicrung der Eleklronenbulle des Aloms 
durcb Elektroncnauslauscb zwiseben Subslral und vermilleln- 



dom Enzym zugrunde. D« Elektroncnauslausch ^vird von 

AiTto od^er "d " ^“'“Serang des TOrksamen 

Atoms Oder der Atomgruppe im Permenisystem begleiiel. In den 

sauersioffaMwierenden Oxijdatiomfermenten sind es in eros- 

sem. Umfang Eiscn- oder andere Schwermetallatome, welclie 

Irager der katalylischen Wirkung sind. Der Wechsel zwischen 

2- und Swertigem Eisen ist das wicbtigste Prinzip bei der 

Sauerstoffaktivierung des biologischen Atmungsprozesses. 

Die Fermentsysteme, welche beim biologischen Oxydations- 
prozess milwirken, sind nach einem dualistischen Prinzip auf- 
gebaiit, indem ein spezifisch wirkender Eiweisskorper, das 
Apofermcnt, an eine von demselben meistens reversibel ab- 
trennbare Gruppe, die prosthetische Gnippe, aucli Cofermcnt 
genanni, gekoppelt ist, Theorell hat den ersten experimentellen 
Naclweis dieses Prinzips erbracht, jndem ihm die reversible 
Spallung des sog; gelben Oxydationsferments gelang. Apofer- 
inent und Cofemient bilden zusammen das wirksame EnzjTii- 
system, das Holoferment. Das Coferment ist der Trager der 
o.xydo-reduzierbaren Wirkungsgruppe, aber das Apofemrent 
^’c^ieiht dem Enzymsystem die spezifische Wirkung desselben. 
So greift die Gozymase an mehreren Stellen in den Hexo-Trio- 
senabbau ein, wobei sie mil verschiedenen Apofermenten, wel- 
clie fiir jede einzelne Reaktion spezifisch sind, zusammenwirkt. 

Seiner Natur als Eiweisskorper gemass kann das Apoferment 
im Zellprotoplasma A'erankert sein oder an das Substrat der 
Wirkung des Enzynisystems spezifisch gebunden werden. Die 
prosthetische Gruppe dagegen enthalt das aktive Atom oder die 
akiive Atomkonfiguration. Die prosthetische Gruppe wechselt 
in verschiedenen Fermenlsystemen. In gewissen Systemen kann 
die prosthetische Gruppe sehr rasch zwischen einer oxydierten 
und einer reduzierlen Form hin und her pendeln, nodurci i 
Fermentwirkung zustandekommt. In anderen Systemen, 
bei den Haminproteiden, finden transitorische Anlagerunppro- 
zesse statt, welche die biologische Wirkung zustande g 

Haminproteide und Zytochromsystcm 

Warburg und seine Mitarbciter untersuchten die Atmun-, 
Ilefezellen, der Essigbakterien und der Retina. Diese 



wird von Kohlenoxyd gehoinnit. Die Kolilenoxydlicnuiuing dc-s 
Alimnigsrcnnenls i.sl ein rcvcrsiblcr Prozess. Durch Bcslrah- 
lung mil Lichl vird die Heniiniing leilwei.se aufgeholjen. Line 
cingchenderc Unlcrsnclinng dcs Pliiinoincns evgah, dass das Al- 
mungsfennenl cine seleklive Lichlabsorplion besilzl nnd Farb- 
sloffcharakler baben muss. Weilere Forschungen lialien gelcbrl, 
dass das Aimungsfermenl ein cisenballiges Haminproleid isl. 

Das ciscnballige Aimungsfermenl isl cine nulooxydable SuIj- 
slanz, und die Wirkung dcssclben ])cim Oxydalionsprozcss isl 
an das Wccbscln dcs Eiscnaloms zwischen Zwei- und Drciwer- 
(igkcil gebunden. Ein gcringcr Sauersloffdruck gcniigl bereils 
dazu, das Fermcnlciscn rcsllos von zwei- in dreiwerligcs ninzu- 
wandeln. Dicser Cbergang wird vou Kohlenoxyd Idockicrt, 
wfdirend die Riickbildung zweiwertigcn Fermcnleisens aus drei- 
^Yertigem von Zyanwnsserstoff durch Koniplcxbindung des 
Eisens gcbcmml Nvird. In beiden Fallen wird die normale 
zclluliirc Almung vcrhindcrl. 

Das Warbiirftsclic ciscnhnltiffc Atniiiiujsfcrmcnt odcr die Zp- 
fochromoxijdasc isl allcin fiir die scblie.ssliclie ;\klivicrung dc.s 
Sauersloffaloms nicbl ausrcichend. Es isl die Milwirkung von 
weilcrcn Iliiminsyslcmen crforderlicb, in wclcben die Valonz 
(ler Eisenalomc rcvcrsibel zwischen Zwei- und 'Drciwcrligkcil 
wcchseln kann. Diese lliiminsyslcinc sind an Gowebe gebunden 
und cnlsprcchcn dcin von M(tc Miinn onldccklen Ilislobamalin. 
Sie konnon von Sauersloff nicbl direkl oxydicrl werden, wohl 
nber siikzessive durch Vcnuillehing dc.s ciscnhalligcn Almungs- 
fcrmcnls. Die saucrsloffiiherlragondc Wirkung derseJben wird 
von Kohlenoxyd odcr Zyauwasscrsloff nichl aufgehobcn. 

Dor Mechanismus dcr Saucrsloffakliviorung liissl sich rein 
schemalisch folgendermasscu darslcllen; 

-1-H+ -<—11x2 
X.1 ^ ILO 

Zytoeliroiiioxyiliisc Zvloeliroui 

(Wnrhiiros ciscnhalliges .n‘ I) mid c 

Almiingsfcmicnl) 

Die drei llislohaminsyslcme sind an Zellsnbslanzeii gebim- 
den. Aul Grund ihres Farbsloffeharaklers werden sie nae.h 


Ferro ; 


llcmmung 
(lurch CO 


(lurch IlCN 


L Fcrri (Ferro 


i ' 

Fcrri) 
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hcilm als Zylochrom a, b iind c bezeichnet. Sie vermilteln 
den Eleklroncnauslausch zwiscben dem aus den Substraten 
herslammendcn Wasserstoff und dem molekularen Sauerstoff. 
Dabei wind Wasser gebildet. Im Gegensatz zu dem diesbeziig- 
bcben Verhallcn des Almungsferments wird im Zytocbroni- 
syslem der Valenzweclisel der Eisenatome nicht von Zyan- 
wassersloff oder Kohlenoxyd verbindert. 

Die proslheliscben Gruppen in den sauerstoffaktivierenden 
FermenlS3'stemen lassen sich samtlich aus dem Hdmin herlei- 
tcn. Das Hiiniin ^Yird von vier Pyrrolkevnen aufgebaut, ^Yelche 
diirch Melhingruppen zu eineni ringformigen Molekiil niit 
cinem zcntralen Eisenatom zusammengekoppelt werden. Ne- 
])en vier ' Melbylgriippen entbalt das Protobamin als Seiten- 
kellen zwei Vinylgruppen und zwei Propionsauregruppen. 
Von den zablreiclien isomeren Moglicbkeiten ist nach Fischer 
die dem Protobamin IX entsprechende Konfiguration die bio- 
logisch wichligsle. 



CH. 

COOH 


CHo 

1 

COOH 


Prololiamin IX 


im Zylochrom b scheinl die ““d L‘ der 

imin 7.11 besleheii. Dies isl aiich in dei Iv.H.Hnse 

eerretticbperox3’’dase der Fall. Protoliii- 

Im Zylochrom c sind dagegen die Vinylgruppen des Prolol 
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mills iiach Thcorcll (lurch Addition dcr SH-Grupiicn zAvcici 
Zyslcinmolekule gcsatligl, welchc die Veraiikerung dcs Zylo- 
cliroms c an die Eiweisskoinponcnle vcnnillcln. Das wirk- 
sainc Eisenalom scllisl isl dabei dnrch zwei Iniidoazolgnippcn 
I'csl mil dem Eiweisskomplex verbunden. Dcr '\^^Icnz\vcchsel 
dessclben bcwirkl cine reversible Bindungsverscliicbung ini 
Komplcx. 

Ein intaklcs Fermcnl- iind Ztilochromsustcm isl die Gnmd- 
bedingimg fiir den uornuden Vcrlanf dcr Oxtjdalion. 


Wasscrstoffaktivicrcndc nnd wasscrstolfulicrtnicieiulc Fermeute 

Auf die Bcdculung der Dchj’drierung fiir die biologisclie 
Oxydalion lial als crslcr Wicland aufmerksam geinachl. Durcli 
die Wirkung dehydriorender Enzyme, der Dchijdrascn, wer- 
den Wasscrstoffalome mobilisicrl. Hicrdurch wird die Cbcr- 
Iragung dcrsclben auf ein aklivierles Sauerstoffalom odor cine 
anderc wasscrstoffaufuclunende Subslanz vorliercitcl. 

Von dcr Wiclondschcn Dcliydricrungslhcoric ausgebeml ha- 
licn Tlunibcrg und (lessen Milarbeiler die Oxydalinn organi- 
sclier Sauren im saucrslofffrcicn Medium bei Anwcscnheil von 
gecignclen Wassersloffakzeploren, z. B. Melhyicnblau. unfer- 
siiclit. Sic habcii siiezifisch nirkende Debydrascii gefundcn, 
welchc sich an dcr Oxydalion von Beriislcinsaure, Milchsiiuro, 
Apfclsivurc. Zilronensaurc, Glulaminsaurc und anderen Sub- 
stanzen bcleiligcn. 

Beiiii oxydaliven AI)I)au der Kohlehydralc isl die Mihvirkung 
von mindeslcns zwei wassorsloffaklivicrciulcn Eermeiilsyslc- 
mcn bei der Dbcrlragung des Wassersloffs crfordcrlich. Diese 
wasscrstoffubcrlragondcn Ecrmenlc konnen mil Biicksicbl auf 
den Ban dcr proslhclischcn Gruppe unler die Alloxazinproleidc 
und (lie Pyridinjuoleidc ciiigcreihl xverden. 

Die A 1 1 o X a z i n ]i r o I e i d e 
Gi'lhes Ahmmgsfcrmcnt und VUamin Jl, 

Das von Warburg und Clirislian cnldcckle geJbc Al- 
mungsfcrmcnl isl ein Alloxaziniiroleid. Der Ban desselbcn 
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ist diirch Arbeiten von Warburg, Kuhn, Karrer und TheorcJl 
Kiargestellt. Die prostbetische Gruppe im gelben Atmungsfer- 
ment wird von eineni heterozyklischen Ringsystem und einer 
Kohlehydralkomponente, dem Pentit d-Ribit, aufgebaut; sie 
Inidet Riboflavin, -welches mil Vitamin B. identisch ist. Das 
Ribofla^’in muss an Phosphorsaure gekoppelt werden, urn seine 
Wirkung entfallen zu konnen. Nach Tlieorell vermittdt die 
Phosphorsaure die Bindimg an den spezifischen Eiweisskor- 
per, -welcher in das gelbe Atmungsferment eingeht. 

Nach Kuhn und Rmhj ist die Konstitulion des gclbcn Al- 
mungsfcrmcnls folgende: 


OH OH OH 

Clk— C-C— C-CH,-0-P 
■ 1 1 I 
H H H 



d-lUbil Fhosuliorsaurc 


C N N 



KibonavinpliospliorsaMrc 

A^tamin 


Protein 




Oxydicrl 


.-f2H 



Bcduzicrtc bcHkotorm 


wailmras goU-cs Atmunastem^t 



Die Fiihigkeil dcs gelbcn Almungsfeniicnls, l)ci dem biolo- 
gisclicii Oxydiilionsprozcss WasscrsloIT aufzunebnicji und al)- 
zagcl)cn, isl an die Alomkonfiguralion 



gebuiulen. 

Hicr Irill keine Valcnziindcnnig dcr wirksamen Slickslofl- 
alome ein, sonderii nur cine zur Enlslchung ciner Doppclbin- 
dung zwischen zwei Kohlcnsloffalomcn fiihrcnde Bindungs- 
versebiebung mil daraiis folgcndcn cncrgcliscbcn Spannungs- 
zusliinden in dcr Koblcnsloffkellc. 


Flavin- Adcninnuldcotidc 

Karrer und seine Milarljeiler baben in dcr Leber cine P'lavin- 
pbospborsiiureverbindung gefunden, welcbe ausserdem Adcnin 
enUiiilt. Nacb Straub, Warburg und Christian isl dieses Flavin- 
Adeniniiukleolid nacb Koppclung an ein spezifisebes Fcnncnl- 
iJi'Olein mil ciner von Krebs gefundenen, I)ci der oxydaLiven 
Desaminierung dcr Aininosaureii wirksamcn Aminosiiurcn- 
oxydase idenliscb. Die proslbeliscbc Gruppe wird bier von 
fliboflavinpbospborsaure + Adcnylsanre unlcr Auslrill cincs 
Molckiils HoO gebildct. Diese proslbcliscbe Gruppe, an ein an- 
dcres spezifisebes Prolein gebimdcn, ist nacb Ball mil dcr 
Xanlbinoxydase idenliscb, wclcbc bci dcr Oxydalion des Hypo- 
xanlbins zu Harnsiiure (s. S. 107) in Tiiligkcil Irilt. 

Das Vilamin spicll also l)cim Aufliau der proslbeliscbcn 
Gruppe in den wasscrsloffubcrlragenden Alloxazinproleidcn 
cine bedeulende Rollc, welcbe liei den Oxydalionsprozcssen im 
Organismus als Almungsfcrmenle wirksam sind. 

Bevor das Riboflavin zum Aufbau des Almungsfcrmenls ver- 
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in der. Daniiwand wnstatlen aln-sdiemlich schon 

ne Bildung von H^O durch Verbindung des Wassersloffs mil 
clem durcli das Zytochromsyslcm aklivierlen Saucrstoff. ' 


DiePyridinproleidcunddas wasscrsloffubcrlragcnde 

Zwiscbenferment 

Die Freimachung des Wasserstoffs aus dem Koblensloffgc- 
riist des Brennmaterials macbt die Mitwirkung eines wcilcren 
Fermentsystems erforderlich, Welches ebenfalls von einer pro- 
slhetisclien Gruppe und einem spezifischen Prolein aufgelwiil 
wird. Der Wirkungsfaktor der prostbetiscben Gruppe ist hier 
nach Warburg ein Pyridinderivat, das Nikotinsaureaniid, Die 
Proteinkomponente und die prostlietische Gruppe befinden sick 
durcli reversible Bindung im Dissoziationsgleichgcwichl. Hier- 
durch ist es nidglich, die Eiweisskomponente von der proslhe- 
lisclien Gruppe zu trennen. Diese ist dialysabel, ibermoslabil 
und stimmt init der seit den grundlegenden Dialyscvcrsucbcu 
von Harden und Young (1905) mit Hefcpressaft bckannlcn 
Goz 3 anase iiberein. Durcli Arbeiten von Euler, Mjjrbdck uiul 
Nilsson wurde schon friih (1926) erwiesen, dass die Cozymase 
ein notwendiger Aktivator fur die cnzynialische Dehydricrung 

ist. • r 

Aus roten Blutkorperchen konnfen Warburg und Chnshau 

1934 ein deliydrierendes Coferment von ahnlichcr Art wic die 
Cozymase darstellen, welches einc Pyridinbase, das Nikohn- 
simreamid, enfhalt. Die Cozxjmase und das Warhnrgschc was- 
serstoffubertragende Coferment sind beide ^iodeliydiasen und 
aus Adenin, Nikotinsaureamid, zwei Penlosemolekulen {(- 
hose), aber mit zwei bzw. drei Phosphorsaureniolekulcn aid- 

gebaut. Die Cozymase ist folglich ein Diphosp lopgric aim 
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lid, d;i.s Wnrhiiruscho Av.‘iss('r.slorf«il)nlnif,'fii(l(' Cororninil d:»- 

I'of'oii oiii 'l'riph(>s[)lii>iiiiridiimii}cli'(>lid . 

^ ?)cr ]l;ni <l('r Cozyiniiso is| dnrrli ArliciW'ii voii u. !i. Srldvnk 
Klnif'i'SlollI und wild in dcr liii’r fnlfjcndni SlniUlnifonnH 
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wiL'(lerm‘j^H)i*n. Die (/izymnse l»:nil sirli :nis cint'in Adt'in'n- 
iiuklpolid und cincin I’vridinmiklrulid nnf. 

Die wassenslorfiibcrlnigende I’unkliun dev I’ynilins isl ;tn 
eineii revcr.sildcn ()xyd(»'llcdnkliorm|ii«7f.s ]);d»(>i 

wird wahrselu'inlich oinc inlrninolcknkire Sulzhindnnjl fjelusl. 
Kin Kii'klriuu'nnu.sluusch mil v.wci Wusserslnlfnlninen, welclu' 
ill! deu belreffenden PyridinUern und an die Pho^plinr.srnire 
dcs Adeninnukleolids f'ebunden werden, kiinn .skillfindeii. 
Dann knnn cine reversihle Sjv.dlnn*^ der redu/ierleii I'nrni 
dcr (.odeliydnise erlol^en. X»d>en dein Pyiidinunklenlid wird 
da auch Adennsin !)/.w. Adenylsanre ”t*l)iUlel. welelie I'lios- 
pliorsiiure unler ICnlslelnin^ von Ailenosinlrijihosplior.sanre bin- 
den kdmieii. Diese kann wiedennn Phosirborsaure an die Ver- 
eslenm^sfoiin des I lesoseiuoleki'ds nb}4eben. evil, dureh \‘er- 
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Jniffelung des Phosphagens (S. 108 ). Da der Phosnhn r 
Pfo^ess den Hexoseabbau einleitet ist ^ 
tJie Pliospliorylierimg selbst an die WivkunHer Atmunff " 
montCiUnd die biologische Oxydation in de. lebenden ZelL ^ 

wieder durch intermediiir beim 
Ivohlehydralumsatz gebildeten Azetaldebyd oder Brenztraubo! 
saure oxydiert warden. Dabei kann der Codehydrasekomplex 
ails semen Bruchstiicken wiederenlstehen. 

Durch den Einfluss von im sowohl Tier- wie Pfianzenreich 
verbreiteien Enzymen, der Nuklease u. a., konnen die Cofer- 
nicnle in ihre Komponenten gespallen werden, wobei die Wir- 
knng crlischt. 

Der sich sliindig wiederholende Abbau von Kohlehydraten 
i.sl somit cine Voraiissetzung fiir die Neubildung der dehydric- 
renden Cofennente. Wie Lennerstrand hervorgeboben hal, 
miissen in der lebenden Zelle codehydrasebildende Prozesse das 
Ubergewicht haben, sonst verschwindet die Codebydrasewir- 
Iciing, Phosphorylierungs- und Dehydrierungsvorgange machen 
iialt, wobei der normale Kohlehydratabbau aufhort. In der le- 
benden Zelle herrsclit ein dynamisches Gleichgewicbt zwisclien 
Encrgic erfordernden synfhetisclien Prozessen auf der einen 
und eineni spontan verlaufenden enzymatischen Abbau auf der 
iinderen Scite, 

Bildung und Funktion der Codebydrasen sind also einmal 
von der Energicerzeugung des Kohlehydratstoffwechsels abblin- 
gig, sodann von dein Nukleasesyslem, welches das Pyridiuuu- 
kleotid und den Codehydrasekomplex abbaut. Verliiuft die 
Zuckeruinselzung nonnal, so wird nacli Lennerstrand dy-- 
namische Gleichgewicbt in cinem System: Adenosin + - 

saureamid -f Phosphorsaure in der Riebtung auf eine ver- ; 
meirrte Bildung von Codehydrase verschoben. D^^se kamr d. _ 
als wasserstoffubertragender Faktor wirksam zur EM . : 
des zellularen Atmungsprozesses und dadurch zum " V 
Umsatz der Kohlehydrate in der Zelle 
der Zuckerabbau gehemmt wird, nimmt as i u f 

iiberhand. Da svird die Codehydrase nsuborskirc 

ouch Adenin, Adenosin, Nikotinsaureannd und Phospbo . 
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nach Lcnncrstraiul fici zij wcrden. Die Codchydrasesyiilhesc 
kann dabci nichl durch vermchrlc Znfuhr dicscr Subslanzcn 
{•cslcigcrl wcrdcn. Die Debydrascwirkung wild abgc.schwacbl, 
und die zelltdarcn Prozcssc koniinen irolz criidliler Nahrungs- 
ziifiibr zum Slcben. Es (rill lilcrlici cine Slbrung im nonnalen 
Koblcliydralabbau cin, wclcbe zu cincm Diabcles fiihrcn kann. 

Die Ausscbeidung von Pyridinderivafcn kann cin Aiisdrnck 
fiir den cndogcncn Pyridinuinsalz scin. Beiin Diabcles lassen 
sicb aucb dcnllicbc Scbwankungcn crkcnnen, nnd in gcwisscn 
I’iillcn cin 2-lslundcnperiodiscbcr Vorlanf mil cincm Minimum 
in dcr Nacbt und zwci Maxima am Tage, cins clwa nm 10 — 
12 Uhr nnd cins clwa um 18 — 20 IJhr (vgl. S. 3M). 

Es isl bemcrkcnswerl, dass die Pyridinausscbcidimg bci ge- 
wissen Eiillcn von Diabcles bci follicicbcr Kost gcringcr isl als 
I)ci koblebydralrciclior, wo.sbalb I'elle <len cndogeneii Pyridin- 
sloffwccbscl wcnigcr zu bclaslen scbcincn als den Koblcnbyd- 
iv.linnsalz (vgl. S. 310). 

Dekarboxylieremie rernu'iilo nnd Vilainin ll, 

Bci dcr Vcrbrcnmmg im Organismus cnslcbl nclien Wasser 
Kohlcnsaurc. Diesc komml durch Dckarlioxylierungsprozcssc 

N-=r,-NlL r,n_s 

V ’ m: = (■.•cii. c:ii,-oii 

N-(. , , - - 

Cl CB, 

niiu('(liyliuiilnii|i,\r!tii!*lln ^IHli.vloxyniliyllliiiiztil 

Ancnrinelilorid 

N^C-NIb 

c.u,-r, c-cib-N^ OH 

N,(- ^0 (:-cn--cib.o-p-o-PO(OB). 

f II 

c! C 1 I 3 0 on 

Aiiciiriii Pyropliosiihorsnurc 

Vilamiii 
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■nidin-Tliiazoldorival. D te Konslifuir, '’) "■ 

ei vorsichtiger Oxydation geht das Aneurin in das stark 
; or^ erfolg, „„e,. r d ' 

ungsch uss zwLsd,™ dep Amh.„gr„ppa uad dem aagrc„zon.fcn 
volilensloffalom im Tliiazolkern. Dabci verscliwindcl die Wir- 
Ivung dcs Vitamins Bj. 


N 


N=C 


CHj-C C-CH„-N< 
I' II ‘ 

N-C 


,C-S 

OH OH 

■C=C •CHo•CHe•0•P•0•^ 

I 1 i 

CHa 0 OH 

Tliiochrom 


/uf/in uiid lVc//er, Lipmann ii. a. Iiaben gefimden, dass das 
Aneurin bei Reduktion Wasserstoff aufnimmt. Lipmann iind 
Pcrlmann wiesen nach, dass sich diese Reduktion in der Thia- 
zolkomponente abspielt, nicht im Pyrimidinrest. 

Nacb Lipmann isl die Wirkung des Aneurins an eine rever- 
sible Oxydo-Reduktion gebunden, durch welclie die Oxycla- 
lionsform in die Reduktionsform iibergebt, wobei ein Wasser- 
sloffatoin aktiviert "werden soil. Der Wirkungsmechanismus 
des Aneurins ist aber noch nicht endgiiltig geklart. Das Vita- 
min Bx ist jedenfalls ein wirksamer Faktor bei der Freimacluing 
des Koblendioxy^ds im VerJauf der intermediaren Stoffwechscl- 
prozesse, speziell bei der Dekarboxylieiimg der Brenztrauben- 
suure. 

Das Aneurin kann wahrsclieinlich auch als wasserstpflinei- 
tragender Faktor dienen. 

Zima und Willioms baben namlicb gefundeiii dass iinter £ii 
Einfluss von Alkali der Tliiazolring des Aneurins gespreng 
wind, wobei als Oxydationsprodukt ein Aneurindisulfid cns e i , 
welches sie in krisfallinischer Form dargesfellt haben. ur 
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Rcdiiklion kann nach Zlinti das Anourin aiis (U’r Disiilfidfonn 
auch in die Sulfliydrylfonn iiliorficlian. Diircli enu'iile Oxyda- 
lion kann dlese Sulfliydryironn in die Disulfidforni zuriick- 
gchcn Oder in die urspriin^liche rorin xYcilerunij^ewandcll xvcr- 
den. Ob dieses Aneurindisulfid im Orf'anisinns liiolofiisclie Be- 
deiiluny fiir die Oxydalionsprozesse besilzl, isl iioch nielil mil 
Siclierlieil bekannl. 


Andere Innln(|is(di uieh!i(|e reversible Oxydo- 
Rcduktionssysleine 

Die rcversiblcn Redoxsyslemc spielen eine wiclilif'e Bollc als 
physiologisch-chcmiscbe Rcgulalorcu der Dehydrienmgspro- 
zesse und sleiicrn dadurcb den Inologisclien Almnngsvorgang in 
den lebcnden Zellcn. Sic greifen leils direkl in Oxydalions- nnd 
Reduklionsprozcssc dcs Organismns ein. leils aklivieren oder 
liemmen sic die Wirknng andcrcr Fcnncnlsyslcnie, welclic bei 
der biologiscben Oxydalion liilig sind. 
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Glniatliion 

Bin scches 

B™ 1921 enwecwe G,u,atMonmen.. ,Das HZ!l 
111 Eiwcisskorpem aus veisdiiedenen Organcn dcs Korpers vop- 
kommendes sdnvefelhaltiges Tripeptid, pvelches aus Glykokoll 
Zystoin und Glulaminsaure unler Wasseraustrill aafgebam' 
wird. ' ® 


COOHCHoNH 


GlyliokoH 


-C=0 

! 

HCNH 

! 

CHjSH 

ZysJein 

Glutation 


COOH 

! 

CH, 

r “ 

CH, 

! 

HCNH, 

I 
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GIntaminsuiirc 


Der Oxydo-Rcdiiktionsprozess ist hier mil der wecliselnden 
Bindung des Schwefelatoms in Sulfhydryl- oder Disulfidform 
verkniipft. 


2RSH 


Oxydation ^ 

RS-SR 

Rcduklion 


+ 2H 


Vitamin C 

Ein anderes rever^ibles Redoxsyxlem ist die Askorbinsaiirc 

Oder das Vitamin C. « j , i 

Durch. die grundlegenden Untersuchungen von o s line 
Frohlich iiber den Meerschweinchenskorbut wiirde endgu lig er- 
xviesen, dass diese Erkrankung von Mangel an einer Siibstan^ 
verursacht wird, welche auf Vorschlag von Drummonc - 
?pater als Vitamin C bezeicimet worden ist. Djeh A b 
ran Szent-Gijdrgyi wurde 1931 klargestellt, dass les 
nit der stark reduzierenden He.xuronsaiire i en 
^ahre vorher batte Szent-Gijorgiji diese Same aiis Iseb 
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tIargeslelU. Die Koiislilulioii dcr riexuronsiiurc odcr, wie sic. in 
dor Folgc gcnannl wurde, Askorbinsiuirc isl aus Arbcilcn von 
Szcnt-Gijorgiii, Haworth iind Hirst bekanni. Sie isl die Lak- 
lonform cincr cnoUransforinicrlcn IbKclobcxnnsaiirc. 
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Die AskorlMnsiiurc zciclincl sich diiicli oin slarkcs Rcduk- 
lionsvcnndgcn aus; sic niininl dalici Wasscrsloff auf und goht 
iii die rcdu'/.icrlc l-’orin iibcr. 
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Durch schwiicbcrc Oxydalion kehrl sic icvcrsibcl zn ibrer 
urspriinglichen Form zuriick. In saurer Lbsung isl die Askor- 
binsiiurc slal)il. 

Dei starkcrer Oxydalion und in alkalisclier Lbsung gcbl die 
Oxydalion dcs Vilamins C ])is ziir Dildiing der inakliven I)c- 
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Tliyroxln 

Nobcn (loin Tlivroxin cnlUiiU das 'rhyioof;l()biilin noch Di- 
jodlhyrosin. 
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DljotUliyrosln 

Das Dijodlhyrosin hal tUinlicUc, woim auch scliNviUduMC. 
Wirkungeu wlc das Thyroxin. Dei llypi'rlhyroosc schoinl das 
Dijodlhyrosin nach AbcUn die Thyroxinwirkun}; zn danipren. 

Nacli SchUd(lriiscncxs(irp(((ian sinkl der Grnndnmsalz. Dios 
schcinl anf eino.r llcschriinknng der Oxydalionsprozosse in don 
peripheren Gewehen zn hcruhen. Da gloichzcilig die .\nsschei- 
dung von sowohl Harnsloff wie Krcalin sinkl, isl cs hauplsach- 
licli die Eiweissverbrennung im Organismus, welche vermin- 
dert wird. Der Kohlchydralsloffwcchsel wird dagegen nicUl 
ill cnlsprcchcndcm Grade bceinflussl, und der Glykogongchall 
dor Musknlalnr und der Leber isl nach .Schilddrusenonlfernung 
uiivenindcrl. Dor Fell- und Lipoidgehall des Dlulcs sleigl, und 
bei mangclbaflcr Schilddruscnfunklion bo-slehl cine Tendenz 
zur Fetldcgeneralion im Organismus. 

Das Thyroxin sclzl den Glykogongeball dor Leber bomb 
;VgI. S. 4()), Bei normalen Tieren licginnl jedoch der Glyko- 
gcngchall der Leber liei Thyroxinbehandlung nacli cinigen Ta- 
gen wieder zu sleigcn, und gleichzcilig nimml dor Sauerslori- 
grundverbrauch zu. Nach Cramer (1928) lost Tliyroxin nelien 
einem Glykogenzerfall noch cine Gcgcnrcaklion aus, welche zu 
einer gesleigerlen Glykogenbildung in dcr Leber fiihrl. Stern- 


n 
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heirncr (1929) fand, dass der anfanglichen Glykogenverminde- 
rung bei der Thyroxinwirkung eine voriibergebende Eiweissan- 
biiufung in der Leber folgtc,- welcbe ihrerseits nachliess, wenn 
das Glykogen wieder zuzimebmen bcgann. Das Thyroxin he- 
schleunigl demnacb aucb die Glykogenbildung ans Ehveiss. 

AbcUn nnd Althaiis (1942) baben gezeigl, dass diese Glyko- 
gcnbildung aus ELvciss von dcr Fimklion der Nebennierenrinde 
aldiiingig isl nnd mil einer vom Thyroxin ansgeloslen vermehr- 
len Corlinbildimg zusammenbiingt. In bezug auf das Lebergly- 
ko"cn scbeinen Thyroxin nnd Gorlin einander in einem hormo- 
iv'h'n Glcichgcwicht zn hallen, bei dcm der Glykogenzerfall 
Muf dcr einen, die Glykogennenbildnng ans Ehveiss auf der^an- 

dcTcn Seilc von dcr Thyroxin- l.rxv. Corliiuvirkung gcrcgell 

Der Sauerstoffgrundvei- 

branch nimml nach Thy- 
reoglobulin sliirker zu als 
nach Thyroxin, (Abb. 38). 

Der gesleigerle Sauerstoff- 
verbrauch Irill ein, nach- 
dem die Glykogenbildung 
aus Eiweiss in Gang gekom- 
men isl. Da kann der Gly- 

kogengehall der Leber Irolz 
eines lebhafleren Glykogen- 
zerfalls infolge der Thyro- 
ximvirknng wieder norma 

werden. , 

Bei Unlerfunktion der 

Th'STeoidea koinml es auc 

Z„ Slorungcn dcr normrien 

W.nrrocregi.Wlon drfor- 

pcrsrmdzuabnormcrLmp- 

findllchkeil gegen Abtad 

lun" nnd sinkende Korper 

“rperatur. Dies rvird nach 

„ Usekutz rvahrscheml ch 

durch einen Einfluss arf 

L W.armeregulatlonszenl- 
rum vemrsacht. 



roralcr Zutuhr 
Thyroxin, 2,G mg Jod^g 
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VI. ARSCHNITT 

Die neiirolior monale Regulation cles 
Kohleliy dr atstoffweclisels . 


Die den Lebonsprozess beglcitenden cbemiscben Umsetz.ungen 
aind in grossem Umfang an cine Kobleliydralverbrennnng in 
den lebendon Zellen gekoppelt. Es muss daber im Organismus 
stels Blufzucker in hinreichender Menge znr Verfugnng slehen. 
Wil'd der Blutzuckergeball zu nicdrig, so wird die Umsetzung 
ungeniigend, die Energiequelle drohl zu versiegen, und es 
konimt zu einem das Leben gefahrdenden hypoglykamischen 
Zustand. 1st dagegen der Blutzuckergelialt zu lioch, so wdrd 
die Glykose nicbt ausgeniilzt und der Uberschuss vom Orga- 
nismus ausgeschieden. Der Blutzuckerspiegel darf demzufolge 
normalerweise nur innerbalb enger Grenzen variieren: im Hun- 
ger 80 — 120 mgfo, bei Nahrungszufubr mit voriibergehenden 
Steigerungen bis zu 180 mg^, und enlsprecbend der endogenen 
Rhythmik des Zuckerstoffwechsels elwas schwankend. 


Einwirkiing verschiedener regulatorischer Faktoren 
auf den Blutzuckergehalt 

Fiir das Konstantbleiben des Blutzuckergeballs sorgl die 
Blutzuckerregulation, indem sic das Gleichgewicht zwiscben 
biutzuokersenkenden und -steigerndcn Faktoren herstellt. Die- 
se Faktoren miissen bei normaler Blutzuciverregulatidn harmo- 
nisch koordiniert sein. Hierbei greift das Nervensystem auf 
mannigfache Weise durch von vegetativen, stoffwechselregeln- 
den Zentren in den basalen Hirnganglien, evtl. auch von ande- 
ren Teilen des Gehirns, ausgebende direkte oder reflektorische 




Bci iiormalci- Blul/.uckerres'ululion wire! dcr Eriekl dor wccli- 
solndon Kolilcliydralaffiniliil der Leber ziiin grossen 'I'eil von 
anderen rcgulalorischcn Fakloren aiisgcglichen, und dc-sliall) i-sl 
dcr Blulzuckergchall nornialerwoise x-claliv konslanl. Bci gewi-s- 
sen Fallen von Diabclcs dagegen, mil Slornng dcr Blnlznckcr- 
rogulalion aber vcrhiillnisinassig normalei' Cdykogcnbildung 
in dcr Leber, konnen die sponlancn Bhilzuckerfluklualioncn 
im Zusammenbang mil dcr rlnMhmiscbcn Lcbcrliiligkcil sebr 
dcullich licrvorlrelcn. 

3. Einen drillcn blulznckerrcguliercndcn Faktor slcllcn die 
Rcsorptiomucrhaltnissc iin Danukanal dar. 

Eine Vorausselzung fiir die Vcrweiiung von Koblebydralen 
ist der Abbau von Polysacchariden zu cinfacben Ziickeraricn 
diircli die Verdaiiungsarbcil. Fiir die Resorption isl die Funk- 
lion dcr 'Davmschlcimhaul ausscblaggcbend, und diesc slcbl 
u. a. unler hormonalcm Einfluss scilens der llypopbysc und dcr 
Ncbennicrcn (s. S. 79), 

4. Ein fiir die Blulzuckcrrcgulalion wichligcr Faktor ist ilie 
I\'icrcufiinkiion. Diesc dicnl zwei prinzipicll vcrschiedcnen .\v- 
Ijcitsaufgabcn, cinmal dcr Aiiss<'Jii'i<lmif/sfiinI:(ion der Nicrc, su- 
dann der Milwirkung dcrsclbcn heim Zwischcnsloffioccitscl. Die 
Nicrc wird von grossen Blutincngcn durcbslrdmt, und das Nie- 
lenparcnchyin vcrbrauchl Sauerstoff in x cicbliclicm Masse, vo- 
(lurcb XYcscnllichc Voraussetzungen fiir ein aktives Eingrcifcn 
dcs Organs in den oxydalivcu SloflNvccbscl gesebaffen sverden. 

Sclion Claude Bernard hatte gefunden, dass die llarnans- 
scheidung von nen’dsen Einfliissen ablxiingig isl. Werden die 
Gefassnerven der Nicrc am Hilus durchlrcnnt, so crfolgl cine 
Vasodilatation mil Hypcnimic in der Nicrc und vermebrter 
Urinaussclieidung. Scnkl man dagegen den Blutdruck durcb 
Vagusreizung, so nimml auch die Ilarnmenge ab. 

Die Harnbildung findcl wahrscheinlich durcb einen kombi- 
nierten Fillralionsprozcss in den Glomeruli mil Riickresorption 
geSvisser Snbslanzcn in den Nicrcnkaniilcbcn, namcnllicb in 
den Henleschen Schleifen und Tubuli conlorti, stall (Lndinif/- 
Cnshmj-Bchbcrgschc I'bcoric der Harnbildung) . Die biologiscbc 
Permeabilital dcr Nicrc isl daber cinerscits von einem Filtra- 
lionsprozess und andercrscits von eincr Riickresorption abbiin- 



Scslcnic noorie vorder N »"f- 

-lie nolle einos pasr'vi^rr!^ 

isl dahcr beziiglidi Hirer Gellung un^ti"mcn'!°Ffc™ic'z "T' 

mToriltr *on varlVffl 


Chabanier, Spaanza u, a. habcn gcfmiden, dass det Scinvel 
(Oiwcrl iiiclil nur individucll, soadcm aucli bei cin u„d dcrecl- 
JJCII Person an verschiedenen Zeiipunkten variiert. Rabinowikh 
iK'obachlelc einen Diabctesfall, bei dem der Blutzuckergehall 
das einc Mai ohne Glykosurie auf 0,40 % steigen konnte; bei 
andcrcn Gelegenheilen Irat dagegen schon bei einem Blutzuk- 
Jcergeball von 0,16 % cine erhcblichc Zuckerausscheidung auf. 
Hier lag wahrscheinlich eine palliologiscb veranderle Nieren- 
riinklion vor. 

Audi bei nornialer Nierenfunklion besteht keine einfachc 
Beziebung zwischen Gl 3 ’kainie iind Glykosurie. May liess ncun 
Vcrsudispersonen, weldie nadi 50 g Glykose die normale glyk- 
iiinisdic Reaklion aufwiesen, .1000 g Glykose einnelimen, 
worauf Blut- und Harnzuckergebalt laufend untersucht wur- 
den. Fiinf von diesen Versudispersonen reagierten mit Hypev- 
glykiiinic und Glydiosurie; die vier iibrigen bekamen keine Hy- 
jierglykainie, aber cine derselben' schied bis 2 % Zucker ini 
Urin aus. Bei sieben der Versudispersonen hielt die Glykosurie 
bis 18 Stimden nadi der Erreidiung nomialer Blutzuckenverte 
an. Nadi Mmj soil die Niere nonnalerweise iibersdiiissigen 
Zudeer audi oline vorangehende Hyperglykiiinie elimmieren 


kdnnen. _ 

Eisner und Forster meinen, cs herrsdie ein Parallelismus ge- 

v'issen Grades, aber keine gcsetzni'assige Beziebung, zwisdien 


BJutzuckcrgehalt und Glykosurie. • 

Wie andere lebende Zellen nehmen auch die bicrenzdlc 
Glykose auf, weldie verbrannt wird. In der orm in c ^ 

dodi im Nierenparendiym keine 

Beini Diabetes liingegen fand schon Ehrbdi 

due Glykogenbildung im Nierenepithd. Dieses 3 » 
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slcls mil eincr Ijeslimmlen Lokulisuliou im Nicrcnparonchyiu 
auf, imtl zwar an dcr Grcnze zwischcn Mark iincl Rindc. 

Nach Eisner und Forster sollcn bci Ilypcrglykamic abnormc 
Glykogcnmcngcn in Gcwcl)cn und Organcn, und daniil aucb in ' 
den Nicrcn, gcspcicberl wcrdcn. Sckundiir zu dicscr Glyko- 
gcnablagernng in den Nicrcn cntslchc nach Eisner und horsier 
die Glykosuric. Es liissl sich indcssen schwer cnlschciden, ol) 
die Glykosuric das Scknndare, cine Glykogcnablagerung im 
Nierencpilbcl das Primiire isl, odcr ol) die Glykogenbildung die 
scknndare Folgo ciner Zuckerdiurese darstclll, und zwar durch 
cine Riickrcsorplion dcs Zuckers, wclcbcr im Glomcrnlnsbarn 
aus dem Rlulc ausgcscbicdcn wird. Die Lokalisalion dcs Nie- 
icnglykogcns in den 'I’libidi conlorli dculcl darauf bin, dass 
die Glykogenbildung in den Nicrcn sicb sekundjir zu ciucr 
Riickrcsorplion von Glykose vcrliallen kann, und giibc in die- 
sem Falle cine Sliilze fiir die Lmlwig-Cnslnuischc Tbcoric ab. 

Sebon bci dcr normalcn Ifarnbildung findcl cine Riickrcsorp- 
lion von Glykose in den Nierenkaniilcbcn slall. Diesc Riickre- 
sorplion solzt nacb Liindsgaard und K<dckar cine Pbospliorylie- 
vung der Glykose voraus, cinen Prozess, wclcbcr mil dcr zcllu- 
liircn Almung dcs Niercnepilbcls vcrkiuipfl isl. Rleibl die 
Phospborylicrung aus, so kann die Glj-kosc nicbl riickrcsorbierl 
werdon, und sic verliissl da den Ivorpcr mil dem Urin. 

Lundsynard bal nacbgc^^■icscn, dass die Pbloridzinvcrgiruing 
cine Sltirung dcr Pbosi)borylieriing ])ewirkl, ])ei dcr die renalc 
Riickrcsorplion dcr Glykose vcrbindcrl wind. Es enlslcbl da cin 
Diabetes vom rcnalcn Typus. Dcr inlermcdiarc Koblcbydral- 
.stoffwccbsel im Organismus braucbl dabei sonsl nicbl gesldrl 
zu scin. 

Die Riickrcsorplion dcr Glykose isl fiir die Ilcibc dcr Niercn- 
schwcllc ausscblaggebend. Alle Momcnle, 'wclcbc die Riickrc- 
sorplion beeinflusson, veriindern dcmnacb die Nicrcnscbwellc. 
Unlcr den bierbei wirksaincn Faklorcn slcbl die Fnnktion dcr 
llypopbysc — direkl odor indirckl — an wicbliger Slcllc. Lncke 
(1934), Russell und Cori baben durcb Tierversuebe gczeigl.dass 
die Zuckeraussebeidung nacb Hypopbysektomie aucb dann zn- 
riickgeht, wenn der Blulzuckergeball zunimml. 

Jede Glykosuric selzl cine funklionell veranderle Niercntiilig- 
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“rie bowirken. Die Funkdon der m"ss bef ' '''' 

diescm vcrkmipficn Promsc. Diese sind von nerv&cn lim- 
inipulsen, Hormonwirkungeh und wechseinden funklionelleu 
^>iistanden von Organon abli'angig. 

Da die Scliilddriise und das Hormon derselben die Oxyda- 
lionspiozessc und don Sauex’stoffgrundverbraucli sleigeni, wcr- 
dcn bei Hyperfunklion dor Scbilddriise auch Kohlehydralc in 
verniehrfcr Mongo alxgebaut, Hierdurch beteiligt sicb die 
'i'hyrcOideafunklion an dor Bhitzuckerregulation. 

Einc Vorbedingung des gesteigerten oxydativen Zuckcr- 
alxlxaus isl cine vennehrte Glykosczufubr zum Blut. Nebcii 
seiner die Verbrennung fordernden Wirkung niobilisiert diihcr 
das Thyroxin noch das Leberglykogen und senkt den Gly- 
kogcngchalt der Leber. Ausserdem beschleunigt nacb Lud<c, 
lleijdemmm und Diiensing das Thyroxin die Zuckerbildiuig aus 
Eiweiss, wodiirch der Blutzuckerspiegel sieigt, Korpereiweiss 
abgebaut wird, und die Stickstoffaussebeidung zuninnnt. Dies 
Irill Ijei hypopbyscktomierlcn Tieren deullicber bervor. 

Diircli das tbyreotrope Hypopbysenvorderlappenbomon isl 
die Scbilddriise von der Funktion der Hypopbyse abhangig, 
wclcbe auf inannigfaebe Weise in die Blulzuckerregulation cin- 
greift, wovon weiter unlen in dicsem AbsebniU nocb cingeben 
der . die Rede sein wird. 


Die blutziickerregulatorisclien Systeme 

Siuntlicl.o Faktoren, welohe don i'» 

sen, miissnn sich hoi eincm konstanlen ® 

Glcidigewicht bcfiiiden. "gij^^'clterrcgulalion 

werden daber grosse Anspruclie an die 

gestellt. 
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Die blulzuckeislcigenulcn iiiul die blulzuckersenkcnden De- 
gnlalionskrafle miissen koordinierl scin iind lassen sich in zwei 
g’.-ossc regulaloi’ischc Syslcme einorduen: 

1. Das zcrcbral-hijpophijsdrc Rcgnlationssystem Oder rcgiild- 
iorischc Sgsiem cles Griindumstitzes. Dieses sorgl fiir das Blul- 
zuckcrglcichgc\Yicht iiu Hunger. Seine Wirkung isl hauplsiich- 
lidi einc blulzuckersleigernde, zum Ausglcich des basalen 
Zii ckervcrbrauchs . 

2. Das diiodeno-pankrcdlischc Rcgnhilionssgslciii oder ali- 
mentdre glykorcgidatorischc System. Dasselbc Irill nacb Nab- 
riingszurubr odor Ijei aliinenlaren Rciziinpulsen in Tiiligkeil 
und wirkl in der ITauplsachc blulzuckcrsenkcnd. 

Einc Slorung des Gleicbgcwicbls zwisclien diesen beiden 
Sysleincn riift einc Andcrung des Blulznckcrgclialls licrvor. 
Einc dauernde Slorung in den rcgidaloriscben Syslcmcn kenn- 
zeicbnel denjenigen Zusland, ^Yelcbcr sell aller.s als Diabelc.s 
mcllilus bckannl isl. Der Angriffspunkl der Slorung kann an 
jedcr bclicbigen Slellc des glykorcgulalorisclicn Mcchanisimis 
liegen. Es koniinl dabei zu dcin klini.scbcn Bilde des Diabeles, 
mil abnormcn Blulzuckerwcvlcn, Zuckcrdiuvcsc und evil. Kc- 
lonuric. 

Der Diabeles ist somit keiiic einhcilliclu: Erkrankung , son- 
dern cin Symptomkomplex, bci dem Ziickcrdinrcsc uml Jihit- 
znckcrsteigcrimg mir der Ausdruck eincr Sidruvg von Parliul- 
funktionen der glykorcgidalorischen Systeme sind. 

Den beiden Rcgulalionssyslcmcn cnlsprcchcnd bal man mil 
zwei YcrscJiicdcncn Diabclcslypcn zu rcchncn. Der cine isl da- 
diirch charaklci’isierl, dass sich die Sloffwcchselslorung nur bci 
Nahrungsbclaslung bemerkbar machl. Die Slorung bal da 
liauplsachlich das aliincnlare Regulalionssyslcm gelroffcn. 

Bei dein andcren Diabclcslypus dagegen aussert sich die 
Sloffwcchsclsldrung auch im Hunger. Es isl da cine Slorung 
5m glykorcgulalorischcn Syslcm des Grundumsalzes cingelrc- 
ten. 

Diese beiden Diabclcslypcn lassen sich klinisch bis zu einem 
gewissen Grade voneinander unlcrscheiden und werden im 
-V-HL Abschnill als Diabetes vom Typus A bzw. Typus B des 
haheren besprochen werden. 



i^ercbral-hypophysare Regulationssystem 

Die negulaiio,. des Grm,d„,„saUe. isl eng mil T„i,v ■, 
Kcrvenspicms verknupft. Sie findel dm-d, eto lit! 
/mammemvirlieu do. Zmu.aI„o™„sy.te.m mil dem i™ 
VA c onachen Syslom .tall. Da die Hypophyse hierbe it 
" chl^e vcnmllclndc RoIIc spielt, kann da. glykoregalaJ 
M IC Syslein dos Gruuduimalzcs ais das zerebml-hypophpm 
I'Cguhitionssyslcm l)ezeichncl werden. 


Zcnlraliicrveiisyslcin und ZwisclienstoKweeliscl 

Das Eingreifeii des Nervens 5 '-stems in den Zuckerumsatz isl 
acit dcin Jalire 1857 bekannt, in welchem Claude Bernard den 
blulzuckcrslcigcrndcn Effekt des Zuckersliebs entdeckte. Diesc 
II)'perglykamic IriU nach einer Verletzung der MeduHa oblon- 
gata auf, welclic den Boden des vierten Ventrikels trifft. Spater 
isl die ]3edeulung des Zentralnervens 3 's terns fiir den Sloffwech- 
seJ iniiiicr cingebender erforsebt worden, imd man bat die rc- 
gulaloriscb svirksamcn Zenlrcn lokalisiercn konnen. 


Blntzuekcryclialt und Tbcrniorcyulalion 

Der iiormale Lebeiisprozcss der boberen Organismen selzt 
cine Tcmperalur voraus, wclcbe nur innerbalb enger Grenzen 
sclnvanken darf. Die ersie Bedingung bierfilr ist einc stetige 
Verftigiing iiber den Encrgie iiefernden Brennstoff im Orga- 
iiismus. Da dieser Brennstoff in erster Linie aus den Kohlc- 
liydralcn ini Blute beslebt, bildet die Blutzuckerregulation cm 
wcsenlliclies Moment bei der Tliennoregulation des Organis- 

”"Bci den biologiscben Oxydalionsprozesscn erfoigt nacb Off 
die Warmebildung spontan in den Geweben. ^Xtn!nrnduk- 
anderung der Oxydationsintensitat f . ^ischen 

iion. Die Kdrperteniperatur wird durch das ^erbabn s 
Waraieerzeugung und Warmeabgabe bestmnn . 
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lung cincr konslaulen Tcmperatiir iniisscu sowolil Wamiebil- 
tlung wie Wtirmcabgabe geregelt werden. Die Wdrmebildiwg 
biingt von der bei dev Vcrbrennung uingcsctzten Glykoscniengc 
ab. pie Wdrmeabgabe dagegen wird von der Wirkung vaso- 
nioloriscber, respiratoriscber nnd Iranspiralionsrcgulatorisclier 
Impulse seilens nervoser Zenlren gesteuert, wcldie bei noimalei 
ThcrmoregulaUon mil den stoffwecbsclreg4ierenden Zenlren, 
die fur die Wtinnebildung zu sorgen haben. harmonisch koor- 
diniert sein niiissen. Wird dem Blute mebr Glykose zugefiihi I 
als in der Norm und die Verbrcnnnngsintcnsitat ausscrdcm 
gesteigert, so kommt es zu ciner Temperalursleigerung, durcb 
welcbe der Glykoseiibei'schuss aus dem Blutc versclrwindet. Die 
Korpertemperalur kann dabei sleigen, der Blutzuckergehalt 
aber nacb wie vor irormal sein. Weim der Glykoseiiberschuss 
dagegen nichl A’crbrannt ward, sleigt der Blvitzuckergehalt, \vo- 
l)ei Zucker im Urin ausgeschieden werden kann. Es cntslehl 
da edn Diabetes. Encrgetisch betrachiet wird daher cin Dia- 
betes ziim Aquivaient ciner Temperalurstcigenmg und in ge- 
wissem Sinne gleichwertig mit eincin Fieberzustand. 

Es ist also kein Zufall, dass tempera lurregelnde und sloff- 
Avecliselrcgulierende Zenlren nalie beieinander in basalen 
Ganglicn dcs Zcntralnervensyslems lokalisiert sind. Bei von 
Sldrungen in diesen Zenlren verui-sachten Diabelcsfoi’inen lost 



Abb. 39. Diabetes mit iibereinstimmenden periodiseben Variationen der K6r- 
perlempcratur (Rcktajnicssvmg) and Zuckcrausscbcidung (nacij MoUcrslrom). 
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liiiizulrclendc Infektioii T., 
scUcn eiiic slarke Ver^chlimmeruna'^r 

'Vectedlagc nm. B™, Diabetes full mab Ws'?,™ 

C'lnc dcullicli licrvortrctendo TlViPm’ cden aucls 

Haiioaen dee 

(s. Abb. 39). Zuckeraiisscheidimg 


Einfluss dcr Gcbinizcntrcn auf Stofhveclisel uiul 
Korp crtcmp cratur 

Die Riiulenzenlren des Grosshirns. 

^ Eulcnhmg und Landois haffen bereifs 1876 gezeigl, dass 
cine sclnvache Reizung der motoriseben Rindeiizone eine Sen- 
kung dcr Temperatur der kontralateralen Extremitat zur Folgc 
balte. Wiirdc die Rindenzone zersiort, so trat eine Teraperatur- 
slcigeriing cin, und die Differenz zwischen bocbsler und nied- 
rigster Teniperalur konnie bei dicsen Versuchen bis 13° be- 
Iragen. 

Mcdica und Amlcmino haben bei Versuchen an Hunden 
jiacligcwicscn, dass eine Zerstorung der motoriseben Rindenzo- 
ne eine verringerte Ausscheidung von Slickstoff und Phosphor 
nncii sich ziebt. Eine Rindenreizung bewirkt dagegen eine 
gestcigerte Phospboraussebeidung. Dies deutet anf ein dirck- 
les Eingreifcn in die chemiseben Umselzungsprozesse bin. 

Hitzig, Wood, Vulpian u. a. fanden, dass auch andere Teilc 
der Hirnrinde ausserhalb der motoriseben Zone Temperalur- 
voranderungen bewirken konnen. 

Das Eingreifcn der Hirnrinde in den Stoffwechsel ist valn- 
scheinlich sekundarer Art und erfoJgt durch vasomoforische 
und trophisebe Storungen in der Muskulatur und den Geweben 
niit Veriinderungen dcr chemiseben Umselzungsprozesse. 


Subkortikalc Zentren 

konnen direkt oder indirekt den chemiseben Umsaiz und die 


iVarmeregulation beeinflussen. • 

Aromolm und Sachs slelllen bei Keimng des 

lalus eine ErhShimg der .7™ !L. 

ioWensiiureproduklion nnd Stickstoffausschedung fesl. 
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.vo/in fand, class der Effcdcl dcr Ilciziing hei Kurarcvcrgifluug 
ausblieb, aber wicderkcbrlc;, sobald die Kurarcwirkiing vcr- 
sclnvand. Er folgcrie bicraiis, class die Teinpcralursleigcrung 
durch crhdhien .Sfoffwcchsel in dcr Muskulalur zuslandc 
konimt. 

Thalamus. 

Girard (188()) konslalicrlc lud Ucizung dc's Corpus sirialiiin 
imcl Thalamus cine voruborgcbondc Temix'ralurslcigerung mil 
Ilcschlcunigung dcr Almung unci clcs Pulses. Gleichzeilig sliegcm 
Sauersloffycrbraucb, Kohlcnsaurcproduklion und Slicksloff- 
ausscbciclung. 

Nach Ztiuz und La Ilarrc %Yird ausserclem die Insulinerzeu- 
gung in den Langcrliansscbcn Inseln von Zeniren ini Thalamus 
auf clem Wege iiber den N. vagus bceinflussl. 

Voni Thalamus aus konneu zcntripetalc pstjchnrcflchtorischc 
Impulse wahr.schcinlich direlcl iu chcmi.schc Prnzesse dcs Or- 
panismus cingreifen. 

Klcinhirn. 

Das Klcinhirn isl cin Uoflexorgan fiir das inolorischc 
Nervensyslcm. Gewisse 'leilc dcs Kleinhirns, clem Corpus 
ccrcbclli cnlsprcchcucl, iiben u. a. cinen lonisicrcnden Ein- 
fluss auf die Muskulalur aus. Die Hcdculung dcs Kleinhirns 
fiir den Sloffwcchscl in dcr Muskulalur isl nichl niiher be- 
kannl. P. Monakoai fand bei Klcinhirnaffcklioncn und expe- 
rimenlellen Klcinhiruverlelzungcn felligc Dcgcneralion in der 
Muskulalur mil kornigein ZeiTall der cpiorgc,slroiflon Muskcl- 
fasern. Luciani bcobachlclc bei Ticrvcrsuchcn, class .sich 
manchmal cin Diabclcs enlwickcln konnlc, wenn die Klein- 
Iiirnhcmisphilren cnlfcrnl worclcn waren. Es lralci\ da Poly- 
line, Glykosuric und Kclonkorpcrausschcidung auf. Dieser Dia- 
bcles konnlc jcdoch mdglichcrwcisc auf cincr Ucizung benach- 
barlcr Tcile dcr Medulla oblongala beruhen. 

Ilijpolhakunus. 

Die sfoffwechsclrcgulicrcndcn Zcnlrcn im engeren Sinne 
Mncl im Hypolhalamus in dcr Niihe dor vibrigen vegclalivon 
Regulalionszenlren rings uin den drillen Venlrikcl lokalisicrl. 
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l^eizung bei den Versuchstierp ™ Sylva, dessen 

ta«e. Woi snirsw 

s:rrr«.“ 

anm leiner die Glykogenbildimg in der Leber ab 
Asclmer (1912) fand, dass bei Verletzungen des Hypothala- 
mus eine Slorung des Koblebydratstoffwechsels mit Glykosurie 
?nslande kommen konnte. 

^ Leschke (1920) beobachlele beim Diabetes Veriinderim^cn 
im Zwischenbim, namentlich an der Basis und den Seiten des 
driltcn Ventrikels. Camus, Goiirnaij und Le Grand (1923) kon- 
slalierlcn bei Versuclien an Kaninchen, dass eine Verlelzung 
des Tuber cincreuin cine Glykosurie und Diabetes venir- 
sachen konnte. Dieser entwickelte sicb nur dann, wenn die 
J uberJvcrne und der Nucleus paraventricularis von dem Trau- 
ma getroffcn worden waren. 

Marinesco und Paiilian fanden bei AkromCgalie mit Diabe- 
tes anatomische Vcranderungen in den Kernen des Tuber ci- 
nereum und im Nucleus paraventricularis. Bei einem lueti- 
schen Diabeliker salien Marinesco und Nico/csco .doppelseitige 
Infiltrationen im Nucleus supraopticus und Nucleus paraven- 
Iricularis, 

Morgan, Vonderalie und Malone untersuchten die Kerne im 
Hypothalamus bei fiinf Diabelikern und fiinf nicht an Dia- 
betes leidenden Personen. Bei samtlichen Diabetesfallen fan- 
den sie eine erhebhche Zellreduktion und einen Zellschv'und, 
der 35-^65 % der Norm entsprach. Namentlich die Ganglien- 
zellen im Nucleus paraventricularis waren vermindert, aber es 
lagen auch Veranderungen im. Nucleus tuberis und im zentralen 
Hohlengrau rings, urn den dritten Ventrikel vor, . 

Himwich und Keller haben eine Hyperglykanue. bei direkfei 
Heizung des Hypothalamus nachgewi^en. D 
ler fanden auch hjTJOglykamische Zustande bei ^ 

r Str^en a„ Hunden 
bernilratlosung in den Hypolhalamus ein, P 
durcli eine Glytosurie ohne Verandening von Tcmperat 
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Oder Almung und mil nornialem Grundumsalz heiTorgcrufen. 
Eine iniissige Blulzuckersleigerting (160 — 260 mg%) und cine 
Zuckerdhiresc mil 1,0— 4,2 °/o Harnzucker blieben bis zum To- 
do dcs Tiercs 2 Monale nach dcm Eingriff beslcbcn. Dicscr 
Diabeles, der von Dursl, Polyuric und Abmagerung l)egleilcl 
wurde, war insnlinrcsislcnl, und dcr Niicblcrnblulzuckcr Hess 
sicb Irolz Insulinbebandluug nichl auf nonnalc Wcrlc bcral)- 
In'ingen. Bci der Aulopsie wiu-dc feslgcslelU, dass die Yeriil- 
zung das zenlrale Hoblengrau auf cincr Scilc gelroffcn lialle. 
Tm Pankreas warcn kcine Inselvcrandcrungcn zu finden. 

Darris und Ingram licobacblelon bci Vcrsucbcn an Kaizen 
eine voriibcrgebende Glylcosurie nnd llypcrglykiimic nacb 
cincr Icicblen Vcrlclzung dcs llypolbalamus. In ge%Yisscn Fal- 
len folglc auf diesc Ilypcrglykainie cine daiicrndo Hypoglyk- 
itmie. Dies war der Fall, wcnn der vorderc Ilypolhalainus gc- 
scliiidigl wurde, und in dcr Bcgcl dann, wcnn dcr Nucleus pa- 
ravenlricularis zcrstdrl wordcn war. Die I'icrc waren da auch 
abnoriu insulincmpfindlich. Bci Vcrlclzungcn andcrcr Gcbiclc 
dcs Ilypolbalamus slicg dagcgcn die InsulincmpfindlicUkcil 
niclit. 

Eine schcmalische Darsloliung der nervosen Ganglienbaufen 
iin Hj'polbalamus nach Fulton mil der Lc Groa C/or/:scben 
Nomenklalur auf der Grundlage der Arbeilcn von Tiiocli und 
Greving wird in Abb. 40 .S, 195 wiedergegeben. 


Die Koordiiialioii dcs Ncrvcnsyslcms mil dcm 
liormoiialcn System 

Zwisclien den Ganglicnzcllcn des Ilypolbalamus und dcr 
innersekrelorischen Funklion der Hypopbyse bcslchl cin enger 
Ziisamincnbang. 

Dauis, Cleveland und Ingram haben gefunden, dass cine dop- 
pclseilige Vcrlclzung dcr lalcralcn Hypollialamuskcrnc, an der 
Lbergangsslclle zum Nucleus luberis, die Ticre vor Pankreas- 
diabeles in dersclben Weise schiitzl, wie die Enlfernung der 
flypophyse. Berblinger fassl daber llypophysc und Hypolha- 
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liclien Nucleus supraopticus wird die Bedeutun-t^”-^ 

SowoW in basalen Zenlren des Zwischenhiras als aucli im 
. hcl u'ld Millcllappen der Hypophyse hal Scimm zivisclioi, 
den Ganghenzellen eine Kolloidsubstana gefunden, nelche cr 
iir cm Sekrelionsprodukt der Nervenzellen im Hypothalamm 
liielt. Diese Siibslanz liegt sowohl intrazellular wie in angren- 
zenden Saftliicken. Sie wurde als ein Neurohormon aufgefassf, 
(lessen Wirkimg jedocli nicht mit Sicherlieit bekannt ist. Ge- 
wissc Griinde sprechen dafiir, dass es sich urn ein Regulations- 
liormon fiir den Wasserbaushalt bandelt. 

Bei Verletzung der Basis des Zwischenhirns konstalicrle 
Lcschke 1919, dass aucli bei unversehrter Hypophyse ein Dia- 
])eles insipidus zustande kommen konnte. Aucb Heebst hat 
oinen Fall von Diabetes insipidus nacb Encephalitis epideniica 
bescl(ricl)en, bei dem die Veranderungen in diesem Zwischen- 
birngcbict lokalisiert waren, mit vollig ungeschiidigter Hypo* 
pliyse. 

Greving iind Pines haben nervose Verbindungen zwischen 
Hypophyse und Zwiscbenbini nacbgewieseii, Svelche eincrseils 
YOin Nucleus supraopticus und andererseits vom Nucleus para- 
vcnlricularis ausgeben. 

Durcb den Tractus hypophyseus supraopticus verlaufen di 
rckle Nervenverbindungen zwischen dem Nervus opbeus im 
der Hypophyse. Edinger hat gezeigt, dass die Nervenver ir 
dungen ^^vi 3 cl,en Hypophyse und Nucleus 
Km.kIen.ion des Auges entarten. Es 
Iccilen, dass dircUe Lid, Impulse 
thideus supraopUcus die Hijpopbyseulun - ion 
und daunt an! den gesamicn ehemisehen Umsalz rnelnnrl 

''tr ha. auch nachgewiesen, -i- 

im Milfellappcn der Hypophyse bei , j aufwcisl. 

lilalive Schwankungen bei -f “e Xt eine Snh. 
Walirend der Nacli. cnthall as Mehnophorhormons. 

slans mil Shnlieher Wirknng w.e die des Melanopn 
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Jores land, dass dicse Subslanz, wic das PigmcnUiormon, bci 
intrazerebralcr Injcklion einc Tcmperalursenkung und Bliil- 
ziickersteigerung bewirkl. Nacli Jores konnen die oplisclien 
Impulse aiif dicscm Wege dem liormoiialen Syslem ziigcfiibrl 
werden. Der vegelalivc 24Slundenrbylbmus, welcber sich u. a. 
in der periodischen Leberfunktion und in <lcr cndogenen Rbyfli- 




illik des Z\viscl^cnslof^^Yecllscls bemcrkbar luacht, kann mog- 
licherweise hierdui-ch von Lichlimpulsen auf dem Wege iiber 
tlcn Nerviis opticus — Nucleus supraoplicus und die Hj'po- 
physe beeinflusst werden (vgl. S. 41) . 

Hjahmr Holmgren unlersudile den Leberrbytbmus bel dau- 
ernd im Dunkel geballenen Ratten und Meersclweincben and 
kam zu dem Resultat, dass dem Licbt als rbytbmusauslosen- 
dem FaktoT grosse Bcdeutung zukommt, dass es aber ausser- 
dem cinen mit dem Licbt koordinierten Faktor gibt, mdg- 


licherweise von bereditater Art. 

Na* Unlersuchungen von Popa md Fiddmg rastoj 
dircklc Vcncmcrbindungen iwischen Hypophjse und H)P - 
Mamus Einc SekrcHon der Hypophyse kaun daduvch d,e 

G=;.,gaen;.dlon im 

NaA Popa orslrcckt a.* ™ HTpoplUsdel bU 

gckicidelcn drillcu Venlnkels i ^ sid, dotl fiager- 

licf in die Hypophyse ™ hyse%tammende Sekie- 

formig-, ” , toeb osptokssigkeilta dnUen 

lionsprodnkte direkt m d.e Zereb P 
Vcnlrikel hincinge^angen ,,dil,en. 

auf zenlrale Gangben im N^rvenfasern nadige^e- 

Greoing und Pmea "Ldd in der Wand des dnk 

sen vvclche durch das zum doisataVa- 

Imskcm vcrlaufen. Von 0“^ und den Eangerhans- 

durch den Nervus iann ii./oi5ed«“" 

In insein. 

mono wird ^ Aveclisel- 

vermillelt. ^wiscbenlum steben also 

des Adrenalins auf die . > 
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Naoh Cushing sollcn die Sekrelionsproduktc des liinlercn Hy- 
popliysenlappcns vor allem den Tonus des Vaguszcnlruins 
steigeni. 

Das Eingreifeu des nciTosen Reiziinpulscs in den cheinischcn 
Umsetzungsprozess wird durch die Wirknng spezifischcr Sub- 
stanzen vermittclt. Diese werden an den Endpunklcn dcr Neu- 
rone gelegcnlUcb der Nervenreizung frei gemacht. So wird 
nach Dale, Fcldbcrg und Brown bei Vagasrciziing Azeiglcholin 
gebildet, welches den Reizungseffekt auslosl. Wenn die Ner- 
venreizung aufhbrl, koinmt die Azelylcbolinbildung in den Va- 
gusendigungen zum Sleben, wobei das bcreils gebildele Azclyl- 
cbolin von der in den Geweben vorbandenen Cliolincslerase 
gespallen wird. Damit verscliwindcl dcr Reizungscffekl. Bei 
Sympathikmrciznng enlslehl nach Cannon in dcrselbcn Weise 
Sympathin an den Endigungen der Sympalbikusneuronc, cine 
Siibstanz mil adrenaliniihnlicbcr Wirknng, deren cbcmiscbc 
Nalnr aber noch unbckannl isl. Durch Vermillelnng spozi- 
fischer Subslanzcn lost also die Nervenreizung die cheiniscben 
Reaktionsprozesse in Geweben und Organon aus, wclchc fiir 
ihren wcilcrcn Vcrlauf von den Alniungsprozesscn und der 
Kobleliydralverbrcnnung in den Icbenden Zcllen abhiingig sind. 
Es ist moglicb, dass die Nervenreizung auf diese Weise den An- 
sloss zu cinem Eleklronenauslauscb gibl, welcbcr fiir die Funk- 
lioncn des Alniungsfcrmcnls bcim biologiscben Oxvdationspro- 
zess erforderlicli ist (vgl. V. Abscbnill). 

Das Ncrvensyslcm kann auf diese Arl moglicberweisc in die 
chemiseben Vorgiinge des Inlermcdiarstoffwocbsols eingreifen. 

Die Insulinproduklion slcbl unlcr ncrvbser Konlrolle seilens 
des Vagus und Sympalbicussyslcms, und nacb La Barrc enl- 
liall der rcchle Vagus insulinsekrcloriscbe Nervenfasern. Abb. 
41 zeigt nach rfc Ca.slro die Innervation dcr Langerhansschon 
Inseln im Pankreas. 

Eine Stoning in dcr chemiseben Umsclzung kann cnlweder 
bei verandcrleu Impulsen seilens ncrvbser Zenlren im Zentral- 
nervcnsyslem nnd mit diesen koordinicrler hormonerzeugen- 
der Organc zuslande kommen, odcr bei cinem Mangel an wirk- 
samcm Atmungsferment und Biokatalysalorsnbslanzen, wclchc 
erforderlicli sind, iim das Eingreifen der Nervenimpulse in die 
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Abb /,1. Scliemalische Darstellung der Innervation der Pankreasazini (AI «n,l 

fa7crn”"GS GnSvn der Ratle. P Vagusiascrn; S Splanchikisl 

fascrn. GS Ganglien des Plexus solans, Gp Ganglion cxtrapankreaticum, e 
jiixtamsulare Ganghcn, g vasomotorischc, a sekretorische iind s zenfripelale 
(sensible) Ncrvenbalmen (nach de Castro). 


cliemischen Umsetzungsprozesse der lebenden Zellen zu ver- 
inilleln. 

In Anbelracht dieser Verhaltnisse kann nian daher grund- 
iatzlich cinen von einer nervosen oder hormonalen Regula- 
lionsstdnmg verursachten Regulationsdiabctes und einen durcli 
Mangel an vermittelnden Biokatalysatorsubstanzen endo- oder 
exogenen Urjspnmgs hervorgenifenen Mangeldiabetes imteiy, 
schedden. Es ist in der Regel nicht mdglich. diese prinzipiellen 
Diabetesfomien klinisdi anseinanderzuhalten,. da es sich oft iim | 
Konibinalionsformcn liandelt und die Sjouptome iibrigens oft ; 
gleichartig sind (vgl. S. 262), 


Die glaiidotropen Hypopliysenhoniioiie 

Die innersekTetorisdm Tatigkeit der Hypophyse besteht ein- 
inal au5 der Bildung glandotroper Hormone, spdann aus der 
Produktion von Hormonen, welche direkt oder indirekt m den, 
Stoffwechselprozess eingreifen. Die glandotropen Hormone 
sind.als spezifische Wachstumshormone und Reizsu slansen 
fur die hormonerzeugenden Zellsysteme der endokrinen ,ru ,, 



sen aufzufassen.^ Sie Iiaben- Ehveisscharakler, ihr chemisclie'r 
Ban ist aber sonst nicht naher bekannt. 

Das Wechselspiel zwischen Inkretdriisen, Hypopliyse und 
Zwischenhirn ist fiir die Bildung derjenigen Arbeitshormone 
bestimmend, Avelcbe aktiv in die Kette der chemisclien Uniset- 
znngen eingreifen. 

Dufcli Riickwirkung der endoltrinen Dmsenhormone auf die 
gtandotrope Hormonbildung der Hypopbyse komnit durch die 
liemmenden oder anregenden Wirkungen der ersteren eine hor- 
monale Autoregulation innerhalb des endokrinen Systems zur 
stande. 

Ein typiscber Exponent fiir diese Iiormonale Autbregulation 
ist der periodisclie Menstruationszyklus, der durch das Zusam- 
inenwirken der gonadotropen Hypophysenvorderiappenhomio- 
ne und des aktiven Sexualhormons der Ovarien entsteht. 

Durdi Arbeiten von Zondek und Aschheim (1926) sowie spa- 
ter von Evans (1934) wurde erwiesen, dass im Vorderlappen 
der Hypopbyse zwei verschiedene gonadotrope Hormone gfc? 
bildet werden, Prolan A und Prolan B, jenes das Follikelrei- 
fungshormon, dieses das Luteinisierungshormon, welches die 
Corpus-luteumbUdung hervorruft. Das bei der Follikelreifung 
ciitstehende Follikelhormon, das FoUikuUn, dampft die Bildung 
von Prolan A, stimuliert aber die Erzeugung von Prolan B. 
Das bei der Corpus-Iuteumbildung produzierte Corpus-luteum- 
liormon, das Lutein, regt dagegen die Bildung von Prolan A an. 
Durch diese Wechsehvirkung kommt ein periodisches Phano- 
ihen zustande, welches sich im Verlauf des Menstruations- 
zyklus widerspiegelt. 

Sexiialhormone und gonadotrope Hypophysenhormone grei- 
fen wahrscheinlich in den Kohleliydratstoffwechsel ein. Der 
Glykogengehalt der Leber wechselt im Zusammenhang mit deiu 
brunstzyklus (S. 42) . Die Wirkung dey verschiedCnen Hormo- 
ne beini Stoffwechsel ist jedoch im einzelnen noch unbekannt. 


Pankreatotrope Hormone 

Anseimfno, Uerold und Hoffmann (1933) fanden bei Tier- 
versuchen, dass eine tiigliche Behandlung mit einem wassrigen 
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ClC” «*™aer.ap^ 

seln ini Pankreas zur FoI«e hatte mit 7 In- 

^loigertcr ZoUldlung u„d Ne„Wldu;,g von tar*™"”"’ ''' 
^larkcs und Young (1929) haben nachgewiesen dass Ha, la 
subngehaU m dicsen hyperlropWsohen Inseln zunahm yo,L 
S0"i0 and. R.dmrdson haben ebentalls gezeigt. da® einc ta 

dauerndc Bchandlung mil Hyp„physenvordorlappe„ex«, 
emo Znnahme der Anzahl und Grosse der Laugerbanssdien 
Inseln bewirkt, dass aber eine langer dauernde Behandlung 
schNYcre degenerative Zellyeranderungen in den Inseln verur- 
sacht.^ Dabei entNAickelt sich bei den Versuchstieren ein dauern- 
der Diabetes. 


Durch spezielle Reinigung des Gesamtextrakts aus niit Azeton 
behandeltem Hypopbysenvorderlappen mittels Ultrafiltration 
bei pH 5,4 konnten Anselmino und Hoffmann eine Fraktion 
abtrennen, welche eine vombergehende Blutzuckersenkung inif 
dem Maximum 3 — 5 Stunden nacb der injektion hervomef. 
Bei pankreaslosen Versuchstieren bewirkte der gereinigte Hy* 
liophj'senextrakt keine Blutzuckersenkung, was auch von An- 
iogneiti und Scopinari bestatigt wurde. Der Extrakt, vs’elcher 
aucli die alimentare Hyperglykamie und die Adrenalinhyper- 


glykaniie dampft, scheint deshalb nur bei unversehrtem Pan- 
kreas zu wirken und muss daher eine pankreatotrop wirksame 
Subslanz enthalten. Nach Collip soli diese Substanz die Langer- 
liansschen Inseln zu gesteigerler Insulinbildung anregen. Es 
ist nocli unsicher, ob dieser kurzdauernde Effekt eine Initial- 
wirkiing des Diabetes hervorrufenden Hypopsysenhormons ist, 
Oder ob die HyTophyse zwei verschiedene pankreatotrope 


Substanzen rait ungleicher Wirkung enthalt. , . 

Das pankreatotrope Hypophysenhormon wird bei Diabctn 
kern nach Ansrfinino und Hoffmonn im Urin amgeschiedcn. 
Es kann aus diesem durch Alkoholfallung gewonnen werdeu 

Die Wutzuckersenkende Wirkung des “ f”; 

iiions ist verhaltnismassig geringfugig und 
niigend goreinigfen Extrakfen ganziich ™ "s “ 

Zunz und La Bane auf dem Vorkommen emor .-mde, 
slanz im Extrakt. welche die blulzuckersenkcnde Muk«n„ 
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Insulins verhindert. Dieses IcontFainsulcir wirlccndc Mormon 
verursaclit cine vermehrte Adrcnalinbildung im Nebennicren- 
mark und bewirkt eine Blulzuckerslcigeriing. 


Djis koiilrainsuliirc Hj'popliyscnvorderlnppcnltorinon 

Lncke bcobaclilelc bei bj’popbysarer Insuffizienz das Auflre- 
tcn klinischcr Sldrungen der Koblcliydralregulalion, mil nicdri- 
gcn Niichternblulzuckerwcrlcn, geslcigerler alimenliircr Hyper- 
glykamic und erhohler Niercnschwclle fiir die Zuckcraiisscbci- 
dung. Auch die Adrcnalinbypcrglykamic war slarkcr als nor- 
mal. Auf die IJlulzuckcrsleigerung folglc cine hypoglyk- 
amisclie Phase, wciche so inlensiv wcrdcn konnlc, dass cin hy- 
poglykamischcr Schock cinlral. Es lag aucb oil cine bochgra- 
dige Insuliniibcrcmpfindlichkeil mil Ncigimg zu sponlancn 
Blulzuckcrscnkungen und hypoglykamischcn Zusliindcn vor. 
Lnckc fiihrlc dicsc klinisclien Symplomc bei hypopliysarcr In- 
suffizicnz auf den Ausfall irgcudcincs Rcgulalionsfaklors fiir 
den Kohlcuhydralsloffwcchscl zuriick, der nonualerweisc in 
der Hypophj’sc vorhandcn isl und der blnlzuckcrscnkcndcn 
Wirkung dcs Insulins cnlgcgcnwirkl nnd dicsclbe rcgell. Lnckc 
und seine Milarbeitcr konnlcn anch durcli Ticrvcrsnche zcigcn, 
dass sicli aus dcm Vordcrlappen dcr Hypopliysc cin Exlrakl 
mil bhitzuckcrslcigcnulcr Wirkung gewinnen liissl. Die inlra- 
muskularc odor inlravcnosc Zufnhr dieses Exlrakls Ijcwirklc 
bei Vcrsuchen an Hundcn cine miissigc Blulzuckcrslcigernng 
mil eincm Maxiimnn nach 1 Slnndc, wclcbe nach 4 — 6 Slun- 
den versclnvunden war. Bei pankrcasdiabcliscbcn Ticrcn war 
die blutzuckerslcigcrndc Wirkung dcs Exlrakls viol slarkcr als 
bei normalen Ticrcn. Die Zuckei'diurese nahm gleiclizeilig mil 
der Blulzuckersleigerung zu. 

Lnckc, Heijdemann und Hcchlcr (1933) haben noch nacligc- 
wiesen, dass der besaglc Exlrakl bei parenlcraler Zufnhr die 
hlulzuckcrsenkendc Wirkung dcs Insulins unmillclbar aufhob. 
Dabei verschwand die Insuliniibcrcmpfindlichkeil bei den hy- 
popliyscnlosen Versuchslicren. Bei peroralcr Zufnhr NVar die 
Wirkung schwacher. 
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lompeaiurempfMlich und Msst itee Wi‘k»^' * 
Em roclinen im Vakuum iei niedriger Temperatar 1 n 

■ Jrkung des Extrakts hort bereits aviShrend der AnfbewahrnnB 

M Temperatar nach einigen Monaten aut soavic 

bei kurzdauerndem Envarmen, auch ohne Luftzutritt. 

Das kontrainsulare Homion ist, wie mehrere andere Hypo- 
physenhormone, kein Wadistumsfaktor fiir das Parenchym 
(lei* endokrinen Driisen und mitliin hicht im eigentlichen Sinne 
glandotrop wirksam. Seine Wirkung setzt jedoch unverselirtc 
Neliennieren mit ungeschadigten sympathischen Nervenverbin- 
dungen voraus. Der Effekt des kontrainsularen Hormons horl 
auf, wenn die Nebennieren entfernt oder die Nerven derselben 
verletzt werden, 

Bei intraspinaler Zufuhr direkt in den Liquor cerebrospinalis 
bekommt das kontrainsulare Hormon eine betrachtlich slarkere 
blutzuckersteigernde Wirkung als bei intravenoser oder intra- 
luuskularer Verabreichung. Nach Lucke entleert sich das Hor- 
inon aus dem Vorderlappeu der Hypophyse durch den Duclus 
liypophyseus direkt in den dritten Ventrikel. Von dort aus be- 
einflusst es unmittelbar die Sympathicuszentren im Hypotha- 
lamus und lost daher dann durch das sympathische Nervensy^ 
stem eine gesteigerte Adrenalinbildung im Nebenniermmark 
aus. Hierdurcli kommt schliesslich der blutzuokersteigerndc 
Effekt des kontrainsularen Hormons zustande. Diese Honnon- 
ivirkung wird also vom sympathischen Nervensystem vemit- 

tcit 

Lucke und Werner (19S8) haben bewiesen, dass 
des kontrainsularen Hormons von dem 

gehalt und nicht von einer direkten Insulmwrkung ausge osl 
vird, Wird beim Versuchslier bei der Insubnzufu r 
zuckersenkung durch gleicIizeiUge „ jj„r. 

Oder Adrenalin verbindert, so lassl sich das 
mon im Liquor cerebrospinalis nicht nacl™e.sen mnn 
gen die Blutzuckerscnkung nicht verbindert vjr , 
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Zcnlren beeinftest. Von Zen 'len'rT 

aor den Sympa, Incus n^arNf^iJcLr^^^ 

rej™arb. Dort nurd cine AdrenaHnLutg 1“^ 
sciliesshdi die Blutzuckersteigerung bcwirkt, die den blul 
^uckcrsonkenden Effckt des Insulins kompensietl 
In d.raer neurohomonalen Rene>d,ata gibt es viele Moglich- 
keilen fur Slorungen, welche sSmtlich eine VeBchiebung der 
llormalcn Blulsuckerregulalion mil einem gesenklen Oder cr. 
hohlen Blulzuckergehalt bewirken, abhangig von dem Pimkl, 
an weldiem die Schadigung einsetzt. Dabei kann ein Diabetes 
vom Regulationstypus oder Regulationsdiabetes entstehen. 


Das eorticotropc Hypopliysenvorderlappenhormon 

Smith (1927) zeigte bei Versuchen an Ratten, dass die Neben- 
nierenrinde nadi Hypophysektomie atrophisch wird. Nach 
Implantation von Hj'^po'physenvorderlappengewebe konnte bei 
den Versuclistieren diese Rindenatropliie wieder veKchwinden. 
Evans, Meyer und Simpson (1932) fanden, dass auch ein wiiss- 
riger Exlrakt aus Hypopliysenvorderlappen der Atrophic der 
Nebennierenrinde bei den hypophysenlosen Tieren enlgegeu- 
wirkfe. 

Anselmino, Hoffmann und Herold (1933) sowie unabhangig 
von diesen CoUip, Anderson und Thompson (1933) stellten ein 

von den iibrigen HypophysenvorderJappenhonnonen verechie- 

denes corticotropes Hormon dar, welches Wachstum und Hy- 
pertropbie der Nebennierenrinde, namentlich der Zona fascicu- 
lata derselben, bewirkie. Dasselbe ruft eine .gesteigerte Cortin- 

bildung in der Nebennierenrinde hervor. . j 

Das Corbin, das von Kendall aus der Nebenmerennnde dar- 

gestellte kristallinische Hormon, bnngt 
(1938) den Glykogengehalt der Leber und auoi en 
Spiegel zum Steigen, iibt aber keinen Emfluss auf den 
mnbestand der Muskulatur aus. Long und Katzin ( 
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den nach Cortinbehandlung subnormale Muskelglykogenwerte 
bei hypophysenlosen Tieren, auch bei sehr hohem Leberglyko- 
gengehalt. 

Die Mitwirkung des Gorlins ist wahrscheinlich fur den Phos- 
phor 3 dierungsprozess von Bedeutung (vgl. IV. Abschnitt). Das- 
selbe wirkt dadurcli in hohem Grade auf die Umsetzung der 
Kohlehydrate und Fette sowie auch auf die Resorption dersel- 
ben ein (S. 79). 

Durch das corticotrope Horinon kann milhin die Hypophj'se 
stark in den Kohlehydrat- und Fettstoffwechsel eingreifen. 


Das tliyreotropc Hypophyscnvordcriappenhormon 

Adler (1914) hat festgestelll, dass nach Hypopliysektomie 
eine Atropine der Schilddriise mit verminderler Thyroxinbil- 
dung eintritt. Smith (1916) zeigte, dass diese Schilddrusen- 
atrophie nach Implantation von Hypophysenvorderlappenge- 
webe zuriickging. Laeb (1929) konnte auch die atrophische 
Schilddriise nach Beliandlung mit einem wassrigen Extrakt aus 
Hj’pophysenvorderlappen wieder zum Wachsen bringen. Die 
Ilypophj'se muss daher eine Substanz enUialten, welche die 
Schilddriise und die Funktion derselben beeinflusst. 

Das thyreotrope Hormon ist nach Junkmann und Sclwller 
ein nicht ultrafiltrabler, niedermolekularer Eiweisskorper von 
Albumose- oder Peptoncharakter, welcher sehr tliermolabil ist 
imd sclion bei kurzem Erwarmen auf 60° zerstort wird. In 
wassriger Losung verschwindet die Wirkung binnen kurzer Zeit. 

Das thyreotrope Hormon bewirkt ein Wachstum des Schild- 
driisengewebes und eine Yermehrung des Follikelepithels mit 
gesteigerter Mitosenbildung sovie eine Verminderung des Kol- 
loidgehalts in den Zysten. Die Thyroxinbildung nimmt hierbei 
zu. 

Nach Eitel und Looser (1932) ruft das thyreotrope Hormon 
ebenso vie Thyroxinbehandlung eine Verminderung des Glyko- 
gengehalts der Leber hez'vor. Diese tritt nach 3 — 4tagiger Be- 
handlung ein. Bei schilddriisenlosen Tieren hat das thyreotro- 
pe Hormon nicht diese Wirkung. 
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Die Abnahnie des Leberelvkocens i 
niyrcolropcii Hormons geht mif elner ''' 

Jloffvcrbrauchs ,md eint ErhoLr^^Z® 

.er, Bi«c Slcllon sid, ™ch .md naoh cin and f ' 
Masse z.,, ssde die Scl.ilddrusenfunkfion d„ch dl wll ? 
Ibvreotropcn Hoi-mons gesteigert wird ' ^ 

Di (1932) hal bei Wsuohen nachgeiesen 

.lass .1.0 Ins,il,„empfindiid.keit in hobem Grade sleigl, ,ve™ 
so, now die Sdnlddriise ak ouch die Hypophyse enlfernl wd. 

- al)ci snikt dcr Blutzuckergelialt auf hypoglykamische Werle. 
Iloimnij und ebenso Cope iind Marks (1934) haben gefunden’ 
dass die ImulincmpfindJichkcit bei den in dieser Weise behaii- 
dellen Ticren nach Verabreicliung von Hypophysenextrjikt ni- 
riickgeid. Peroralc Zufiihr von Schilddriisenpraparalen scheiii! 
don Blntzuckerspiegel niebt in nennenswertem Grade zu bcein- 
I'his.scn, aber iMcke, Heijdemann und Dneming stelllen fest, 
dass intravendse Tliyroxininjektionen' bei hypophysenlosen 
Ticren cine slarkcre Blutzuckersteigerung bewirken als bei nor- 
inalcn Ticren. Glcicbzeitig nimmt die Stickstoffausscheidung zu. 

Nach Soskin, Levine und Heller (1939) enbvickell sich nacli 
Mypopbysekloniie dutch Ausfall des Biyreolropen Hypophysen- 
vordcrlappcnhomions cine Atrophic des Schilddriisengewebcs. 
Die Folge davon ist cine ungeniigende Thyroxinbildung. Das 
'i'liyroxin isl Nvirksam bcim (Ibergang des Eiweisses in Kolilc- 
Iivdratc. Danuu ninimt bei Mangel an thyTCotropem Honaori 
dic-Zuckcrbildung aus Ehveiss ah, wodurch der BlutZucker- 
spicgcl sinkt. Wird Thyroxin zugefuhrt, so steigt die endogene 
Zuckerbildung aus Eiweissi wobei der BJutzuckergehalt wiedcr 

Thyroxinzufuhr setzt dagegen die Insulinviberempfindhchk 
der hvpophysenloscn Tiere iiichl berab. Dies liiingl .vahrsol>an- 
lich mil der Eigonscl.aft des Tbyroxins, Leberglykoge.. zu m ■ 

bilisicro.., rnsammen, rvodurch die Glykogenspeidierung n d= 

Leber *^ehindert ward. Durch den Glykogenmangel in der Lc 
.irLuks Material z„r Btalzuckerbildung, .velcl.es uot.™..- 


her fehit das Material zur 

isulinhypoglykamie reguiaiuii=v.» 
Dadurch tritt eine Insulinuberempfindlichkeihem. die 

Wirkung des Thyroxins nicht becinflussl wird. 


MUienai 

dig isi, um der I-li..l.yog.ykSmte reguW^^ J 
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Stoffwechselregeliide Hypopliysenvorderlappeii- 
. hormone 

Das Jcontrainsitlar'c Hormon isl cin rein rcgulalorisches Ily- 
pophysenhonnon, welches in der oben angegebenen Weise auf 
deni Wege iiber das Nebennicrcnmark wirkt. Es greift iiichl 
direkt in den Sloffwccbselprozcss ein. 

Das ihijreotropc Hormon ist aucb ein sloffweclisclregclndcs 
Hormon in dem Sinne, dass es dutch die MilNvirkung der 
Scliilddriise den Eiweissumsalz iind den Dbcrgang des Eiweis- 
ses in Zucker behcrrscbl. Es isl jedocli cigcnilicli zii den glan- 
dob'open Hormoncn zu rcchnen. 

Neben diesen Hormoncn gibt cs im Vorderlappen der Hypo- 
physe mehrere andere bckaniile solche, welcbc cinen regeln-; 
den EinfJuss auf den Stoffwccbsel ausiibcn imd bei der lihil- 
zuckerrcgulation milwirkcn, Mehrere von ihncn sind Iieuizn- 
lage erst unvollstandig bekannt, und der Mcclianismus ilircr 
Wirkung ist nicht klar. Sie sind jcdoch in Bctraclit zu ziehen, 
wenn man sich ein vollsUindigcrcs Bild von der Bcdenlung 
der Hypophyse fiir den Kohleh}'drathaushaU und vom Ein- 
greifen derselben in die Blntzuckcrrcgulalion maclicn will. Da 
cs sich zum Teii hierbei nm Ergebnisse der Hypophysenfor- 
scluing aus den allerlctzlcn Jabren liandcll, bei welchen die 
Resultale der einzelnen Forschor nicht sellcn einandcr wider- 
•sprechen, herrschl noch Unsiclieiihcil in bcziig auf die endgiilr' 
fige Kljining der cinschliigigcn Probicme. 

Der (jrundunisatzslcicierndc Faktor 

Hoiissmj (1933) und Pcicr (1934) wiesen ini Vorderlappen 
der Hypophyse einen grundunisalzsteigerndeu Faktor nach,; 
welcher von der Scliilddriise unabhiingig war und viel raseber, 
wirkte als das Ihyreotrope Honnon. Schon 1 — 5 Stunden nach 
der Injcklion stieg der Grundumsatz und nahm nach 48 Stun- 
den wieder ab. 

I ■ Nach 0 Donovnn und Collip (1938) ist dieser grundunisalz-' 
steigernde Faktor im Gegensatz zum lh3Teotropen' Hormon und 
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slandig imd alkakclistciirMSwtr^^^^ 

Mtip niit den Metanophorhormon aus dcrT 

* o 

Der gesteigerte Grundumsatz wird in diesem Falle nicht von 

niclU begleitet und gehi 

nicht mil emer Blutzuckererhohung Hand in Hand. EbeL 

^^emg gibt es nach Neafeld und Collip (1939) irgendweklie An- 

haltspunkte fur cine Zunahme der Kohleli^^atverbrennun- 

Da der yermdirte Sauerstoffverbrauch mit einem berabgeseiz^ 

ten respiratorischen Quotienten einhergeht, muss der grunduni- 

satzsteigernde Faktor entweder eine erhohte Fettverbrennung 

bewirken oder eine Uin\yandlung von Felt in Kohlebydralc 

verursachen, Womoglicb ist die Wirkung des grundumsatz- 

steigernden Faktors eine Partialfunktion des fettumsatzregeln- 

den Hypophysenhormons. 


Der glykotrope Faktor 

Cope und Marks (1934) fanden, dass tagliche Injeklionen 
eines Hypophysenvorderlappenextrakts Kaninchen insulinresi- 
stent maebteh. Young (1936) konnle durch Vorbebandlung 
der Versuclistiere mit Hypopbysenextrakt den blutzuckcrsen- 
kenden Effekt des Insulins vollstandig unterdriicken. Nacb 
Himsworth und Scott (1938) ist eine reichlicbe Glykosezufubr 
die Voraussetzung fiir die Entstehung dieser Insulinresistcny 
Im Gegensatz zur kontrainsuliiren. Wirkung, welche rasch 
vorubergeht und von einer vermehrlen Adrenalinbildung nut 
BlutzucJcersteigerung verursacht wird, handelt es sidi urn cm 
langsames Ansteigen der Insulinresistenz, \selche ctsI 
3 Tagen manifest wrd. Dabei tritt keine direkt blutzucker.ste - 

r.- aass VersuC... ^ 

diese Weise imuJinresislent geworden waren, einen „es g 
Ldberglykogengehalt hatlan; die Muaknlatar aber a.mcr 
Glykogen als bei den unbehandelten KontrolHieren. 
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Audi bci bdiaiuldleii Yersudislicren, wdcbe luif Insuiin- 
iiijektioncn nach wic vor mil cincr normalcu Blulzuckersen- 
kung reagierten, war die Muskulalur glj'kogenarmcr als bei 
den unbehandcllen Tieren. Dcr Blulzudcer muss daher Wiih- 
rend der Insulinwirkung bci diesen mil Hypophysenvorder- 
lappenexlrakt behandellcn Tieren enlwcdcr auf irgendeine an- 
dere Weise als durch Speichcrung als Muskelglykogen ver- 
schwinden, Oder das Leberglykogen wird niclit normal mobili- 
siert, sondem bleibt in der Leber zuriick. 

Nach Mark und Young findet sich im Vorderlappen der Hy- 
pophyse ein glijkotropcr Faktor, welcher das Glykogen in der 
Leber zuriickhalt und die Glykogenbildung in der Muskulalur 
walirend der Wirkung dcs Insulins verhinderl. Bei liingere 
Zeil dauernder Behandlung sclzl nach Young (1938) der glyko- 
Irope Faklor die Kohlcliydrallolcranz der Tierc herab und 
lost dadurch cinen Diabetes aus. 

Die Wirkung des glykolropcn Faklors auf das Leberglyko- 
gen ist nach Himsworlh und Scott sowohl von der Schilddriisc 
wie von der Hypophysc und Nehenniere unabhiingig. Wahr- 
scheinlich greift derselbe dirckt in die Glykogenproduklion 
der Leber ein. 

Die Wirkung dcs glykolropcn Faklors im einzelnen sowie 
die Beziehung dcsselbcn zum corlicolropen Hormon, welches 
cbenfalls durch Vcrmilllung dcr Nebenniercn den Glykogenge- 
halt der Leber zum Slcigcn bringt, isl noch nicht cndgiillig gc- 
kliirt. 


Der (jlykoslatisclic Faklor 

,, Russel hal 1936 gezeigl, dass hypophyscnlose Rallen giinz- 
, 1 . Hell normale Blutzucker-, Leber- und Muskelglykogenwerlc 
haben konnlen, solange sie reichlich Nahrung erhiellen. Im 
Hunger verringerte sich dagegen der Kolileliydralv'orrat der 
, , Tierc rascher als bci normalen Tieren mil unversehrler Hypo- 
, Pliyse (vgl. S, 41). 

Russel und Bennct fanden, dass die Zufuhr eines speziell dar- 
gestelllen Hypopliysenvordcrlappenexlrakls diesc abnormc Gly- 
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kogenverminderung bei den hungernden bypophysenloscn Tie- 
ren verliindern konnle. Dabei war. die Beeinflussung des lllus- 
kelglykogens eine erheblich starkere als die ’Wirkung auf Le- 
berglykogen und Blutzuckergehalt, welclie einander parallel 
gingen. 

Russel itnd Rennet nabmen das Vorkommen eines ghjhosla- 
tischen Faktors im Vorderlappen der Hypopbyse an, ^^'elckr 
das Glykogen in der Muskulatur zuruckbalt, aber Leberglyko- 

gen nnd Blutzuckerspiegel weniger beeinflusst. 

Der glykostatische Faktor wirkt unabbangig von den l^ebcn- 
nieren'iind hur bei relativ .kurzdauernder Bebandlung. Bei 
langerer Behandliingsdauer, 2—3 Woeben,: hat Bennet koii- 
statterl, dass die Versuctafiere refraklar warden, und dass der 
»lvkoslat«l,e Faklor bei ihneii nicht laager ''’i*™ '''f ; , 

° Nadi Black (1935) lindet man bei dem kelogcnea rellsWt- 

wed— on der Hypophyse (S. f 1 2“^* 

Bebandlung cin amlidn. 

Bucscl wal>radroinlich,_ dass FeMoff-- 

Faklors eine ® nicht endgiUlig 

weehsdhormons tsl. im einzelnen tar 

gcklart. Ebensowemg ist de ^ naheren bekannl. 

tier Wirkuirg des glykostatrscben Faktors des n 

Das kobleby.lra.s.oBneehsdtc8cln.lc Herman 

(imll fanden im VordorlappM 
Anscimino nnd auf den Glykcgengdral 

der Hypopbyse "ne Snbstans mit 

der Leber stark senkend mt _ , fanden sie auc.. 

TOrkung und entsprechenden E.g»sd 

I muuemm und Hrin «n ,„,,ar Koblehyd. 

• * Tiinrripruin gesunder rei* 

wie ini Blutsermu » das be- 

ratbelastuiig- nhvsenlosen Hundeb bat voider 

Bei Versuchen an im Btatserum nach K 

bergVykogen' herabse z® ^ Substonz im 

hydratbelastung nic i - Urspru^o® mci- 

Urin muss daher j^et sich vou den 

Dieses Hypophysenhormon 


slen aiidcren Il 3 ’pophysenvorderlappcnliormonen durcli seine 
Wiinncresistcnz; cs wird beim Erwiinncn aiif 60° niclil beein- 
flussl iind weisl niir cine niassigc Einpfindlicbkcit gcgen Ko- 
cben auf. Es ist in Alkobol, Azelon und Alher iinloslich iind 
wird von sowobi Alkalien wic Siiuren zerslorl. In Avassrigcr 
Losung bei pH 5,3 ist cs nllrafillrabel, abcr nicht bei pH 9,4. 

Das koblcbj'^dralstoffweclisclrcgelndc Hormon bewirkt cine 
Scnkiiijg dcs Ghjkogengchalls dcr Leber, welclie jnelirere Stun- 
den anbalt, init cineni Minimum 2 — 4 Stunden nach dcr Injek- 
tion. Dcr GljdvOgengelialt kann dal)ei nach 2 Stunden bei liin- 
reicbender Dosis auf Vjo dcs Ausgangswerls sinken. 

Unlcr dem Einfluss des koblehj'dratsloffwccbselrcgelndcn 
blormons sinkt aucb der Gelialt dcr Leber an ungcsriUiglen 
Fellsiiuren. Die maximale FeUsiuiresenkung falll jcdoch nach 
Anselmino, Effkcmann und Hoffmann niclil mil dcr Glj’ko- 
genvermindcrung zusammen, sondern trill crsl 6 — 8 Stunden 
nacb der Injcklion cin. Am Zcilpunkl dcr stiirksten Feltsaurc- 
verarmung ist der Gh'kogengebalt der Leber bereits auf nor- 
niale Werle gesliegen. 

Das koblcbj’dralstoffwccbselregclnde Ilj'popbj'scnbormon 
. trill im Blulserum nacb einseiliger Kobloln'dralbelaslung auf. 
Wird gleicbzcilig Fell zugcfiihrl, odcr bei gcwbbnlichcr ge- 
miscbler Host, so sebeint die Hj’popbyse kein Koblebj’dralstoff- 
wechsclhormon an das Blut abzugeben. Anselmino und Hoff- 
mann (1936) haben aucb nacbgcwicsen, dass grossc Insulin- 
(loscn das Auflreten dcs Hypopbysenbormons im Blulserum 
bei bj'poglykamischen Zustiinden verbindern. Kleine Insulin- 
dosen bingegen baben keinen Einfluss auf das Erscheinen des 
leberglykogensenkenden Mormons nach Koblebj'dralbelaslung. 

' Der Blulzuckerspicgel wird von dem koblebj'dralsloffwecb- 
selregelnden Hypopbysenbonnou niclil in entspreebendem Gra- 
de beeinflusst wie das Lebcrglj^kogcn. 

Anselmino (1937) und Merten (1939) fanden bei Versuclien 
an Ratten keine Wirkung auf den Blulzuckergeball trotz Lc- 
berglykogensenkung unlcr dem Einfluss des Kolilcby’dralsloff- 
wecliselbomions. Merten und Hinsberg (1939) konnlcn indes- 
sen bei inlravenoser Injcklion von gereiniglem Ultrafillrat (pH 
6,4) bei Kanincben und Hunden einc deutliclie Blulzuckcrslei- 
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gerung mil dnem Maximum schon uadi lo— 30 Minulcn cr- 
zielen, weldie eutweder rasdi versdiwaucl, oder luelirerc Shiu- 
den bestand, um danu allmahlidi auf uormale Wcrlc ab7.u- 
sinken. 

Merten (1939) kdustatierle eiueu insuliuanlagonislisciicn 
Effekt des koldehydratstoffwedisdregeludeu Hormous, iiliniicli 
dem von dem glykotropen Faktor ausgelosten. Beadilenswcrl 
ist dabei, dass im ersteren Falle due Senkung des Glykogcn- 
gebalts der Leber erfolgt, im letzleren dagegen cine Zunahme. 

Es war jedoch aucb bei langdauernder Bebaudlung mil grosscn 
Mengen Ultrafiltrat (pH 5,3), welcbes das koWdiydralsloft- 
wechselregelnde Mormon enthalt, uidit luoglidi, eiuc dauernde 
Storung des Kohlehydratstoftwechsels Oder cmcn Dnuerdia- 
betes zu erzielen, da die- Tiere schon nach tarzor Bchand- 
lungsdauer gegen die Wirkung des koMchydraUloHacchsel. • 
"elnden Hypophysenhormons resistenl wiirden. 

Unto dem EMtass 'des KoUehyaralstoff™cl,selhormon 
stei«t der Sauerstoffverbraudi, und der Gesamtumsalz sun 
^ ° rinbei nebmen aucb Slickstoffausscheidung und Bcsl- 

T'ff -m Blute zu walirscbeinlicb durch gcsteigcrlc llm- 
slickstoff nil Blute ^ von Zucker aus dcmselbcn. 

setzung von Eiweiss mil B g r)^rre"eu ist es mog- 

Hierbei wirkt die Scbilddruse j”de Hypophyses* 

lich, dass das ^ t dessen Wirkung von der 

. bormon ein tliymotropes Hornion ist, dessen 
I'hymusfunktion abhangig is . 


Bas thymotrope Hormon und Tlrymnshormon^^ 

Durch Untersuohungen 8cla"Sl. 

„,slco,u und seine Hypophysen''"™'"’ 

ss das und die Bildung cincs T/g/mn'- 

,e mmotrope Wirkung hat 

rmom auslost. Bomslom ein WachsUims 

Das Thymushormon ist ■ Akromegahe »>> 

,n, welches hei HypertoUm „ervorruten ka" ■ 

uchzeitigem lusulinmangel emeu 
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Audi das norraale Wadistum isl an einc gesleigerle Thymus- 
funlvtion gebunden. 

Nadi Bomskoiv ist eine unversehrfe Thymusdriise eine Vor- 
aussetzung fiir die Wirkung des thymotropen HypOpliysenhor- 
mons. Bomskoiv hat bei Versuchen an Ratten gefunden, dass 
die Wirkung des thymotropen Hormons verschwindet, wenn 
die Thymusdriise durch Rontgenbestrahlung geschadigt Avird. 

Das thymotrope Hypophysenhormon hat wie die iibrigen 
Vorderlappenhormone Eiiveisscharakter, aber das eigentlidie 
Thymushonnon ist nadi Bomskoiv ein Sterin, welches in der 
Lipoidfraktion der Thymussubstanz vorhanden ist. > 

Das Thj'mushormon ist nach Bomskoiv in seiner Wirkung 
sdir aktiv, und verlasst nornialerweise die Thymusdriise in 
Lymphozyten gebunden. Das Thymushormon ruft audi eine 
Lymphozytose hervor. In hinreichender Menge senkt es bei pa- 
renteraler Zufuhr den Leberglykogengehalt binnen 6 Stunden 
auf einen Bruchteii normaler Werte. Das Hormon iibt einen 
starken Einfluss auf den Glykogengehalt der Herzmuskulatur 
uus und verursacht bei intensiverer Wirkung Herzschwiichc. 
Der Blutzuckerspiegel sleigt unter der EinAvirkung des Thymus- 
hormons, Avobei eine Zucker- und Ketonkdrperausscheidung 
eintreten kann. 

Nach Bomskoiv hemmt das Thymushormon die EnlAA’icklung 
der Geschlechtsdriisen, obAA'ohl es sonst ein Wachstum auslost. 

Das thymotrope Hypophysenhormon iibt keinen Einfluss auf 
die Schilddriise aus. Dagegen scheint das Thymushonnon die 
Bildung des thyreotropen Hypophysenhormons zu beeinflussen 
uiid dadurch indirekt auf die Schilddrvisenfunktion einzuAvir- 
ken. Es ruft eine Kolloidansammlung in der Schilddriise her- 
vor, liisst aber den Grundumsatz unberiihrt. 

Obgleich Thyroxin und Thymushormon beide Leberglyko- 
gen mobilisieren, ist es nur das Schilddriisenhormon, aa'cIcIics 
den Grundumsatz steigert. Es liegt daher Avahrsclieinlich ein 
prinzipieller Unterschied im KohlehydratstoffAvechsel unter 
deni Einfluss von Schilddrusenhormon . und Thymushormon 
vor. Im ersteren Falle AAurd der Grundumsatz gesteigert, und 
der Kohleliydratabhau erfolgt unter Freimachung von Energie. 
hii letzteren hingegen ist der Grundumsatz unveriindert, und 
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die Kdhlehydrate werden beiin Zell- und Ge>Yel)s\Yachslum 
verbrauclit. Es ist moglicb, dass der biologiscbe KoldcliYdral- 
abbau in den beiden Ealleii verscbieden verlliuft, enlweder uls 
eine' gewolinliche, energiebildende Hexo-Triosenspallung oder 
als ein Hexo-Pentosenabbau. Hieriibeir isl jedocb nocb niclds 
bekannt. 


Die Frage, ob das kohlehydratstofhvecbselregelnde Hi-popliy- 
senhormon nach Ansetmino und Hoffmann mit Bomskoius tin- 
inolroperii Hormori identisch ast, muss bis auf weilcres often- 
bleiben. Anselmino und Lotz (1941) baben die Beobocblungcn 
von Bomsiow nicht bestaligen kSnnen, aber da s><= m""' 
schiedenen Praparalen gearbeilet baben, der erne ^ 
•lus Walhypophyse, wobei die Subslanz in grosserei i cn„ „ 
;lnen svm! die anderen mit dem tabrikmassig « 

Pvdparat Prdphyson, Uann 

verschiedenen Eesultate sein. Das Ibyrousiio 

nocb . unsicher (vgi-- S. 47 ). 


Das tcttstoffwechselregclnde Hormon 

^ . I 1 ^ 1 r 
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llypopbysenexWkt^^andelt Mannch».^^^^^^_ 
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Anselmino und / Extrakt dfu. o 

lappen der Hypophyse cmen 
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nach einigcn Slunden cine vcmichrlc Ktilonkorpcrbildiing und 
Ketonuric bcwirkte. Die wirksamc Substanz ist in Wasscr los- 
lich, wird von Alkohol ausgefallt, und ist in scliwacb alkali- 
scber Losiing bci pH.8,5 nllrafillrabel. Sic ist warmeempfind- 
lich und verliert ihrc Wirkung schon nach 15 Minuten langcr 
Erwiirmung auf 60°. Der isoelcktriscbc Flockungspunkl der- 
selben enlspricbt pH 5,4. 

Ausser am Vordcrlappen der Hj'pophyse liissl sicb. dieses 
Hormon noch im Urin nachweisen, namentlicli im Urin ge- 
wisscr Diabelikcr und Sclnvangercr, im Diabelikerblut sowie 
iin Blulscnun Gcsundcr nadi Nabrungsbclaslung mil Fell. Die 
kclogcne Subslanz trill bci nonnalcn Pcrsoncn schon 4 Stun- 
dcn nach der Fcllbclaslung auf. Wcrdcn glcicbzcilig mil dem 
r'cll aucb Kolileliydralc gegebcn, .so unlcrblcibl die Bildiing 
des kelogenen Hormons, und dassclbc kann da urn Bin I nicbl 
iiachgcwicscn werden. Es isl dahcr cin FcKsloffivccliscIIwrmou 
imd trill aucb im Hunger auf. Ward da Glykosc vcralarcicbl, so 
verscbwindcl normalerwcisc die kclogcne Wirkung dcs Bbilcs. 
Bci dcr iiblicbcn gemiscblen Kost lassl sicb in der Nonu keine 
kclogcne Wirkung dcs Bbitscriuns aiacinveiscn. 

Das kclogcne Hormon bcwirkl sebon 2 Slunden nacb sulaku- 
laner Injektion cine Keloniunic und Kclonkorperausscbcidung, 
vclcbc nacb wcilcrcn 3 — 4 Slunden vcrsclnvindcl. Dabci sleigl 
liauplsacblicli die /^-Oxybullcrsaurc, so dass das normalc Ver- 
hallnis /?-0.\ybullcrsaurc ; Gcsamlazclon = 1 — 3 ; 1 .unlcr dem 
Einfluss des kelogenen Hormons zu dem Verbfillnis 7 — 10 •. 1 
versclioben wird. Unlcr dcr Einwirkung dcs Hormons sleigl 
nacb Effkemann der Geball dcr Leber an ungcsalliglen Fell- 
siiuren und errciclil bereils 45 — 90 Minuten nach dcr Injcklion 
ein Maximum. Dabci sinkl dcr Glykogcngebalt dcr Leber. Im 
Gegensatz bierzu sleigl nacb Stcppiihn der Muskclglykogcngc- 
lialt, aber der Blulzuckcrspicgcl blcibl unvcrsinderl. Wcrdcn 
die Nn. splancbnici durcbtrcnnl, so verscJiwindcl der Einfluss 
auf das Muskclglykogen. 

Campbell (1938) fand bei Versueben an.Ratlen im Gegen- 
salz zu Effkemann, dass wahrend der Wirkung dcs kelogenen 
Hormons der Glykogengebalt der Leber parallel dem Fctlgcbalt 
alieg. Die sviderspreebenden Befunde konnen viclleicbt auf die 



216 


rhytlimisclie Lebertatigkeit mil sponlanen Varialionen in der 
Arbeilsleistung des Organs zuriickzufiilircn scin. 

. Best und Campbell (1936) haben festgestelU, dass der Fell- 
gehalt der Leber nacb Stagiger Behandlung mil FeUsloffwcdi- 
selhormon um iiber 300 % steigen konnte, bis auf 13, -l (/o dcs 
Lebergewchts. Dabei nakm das Depotfell dcs Organismus 
im iibrigen ab. Gleichzeitig mil der Vermebrung dcs Lelicr- 
fetts sleigerten sicli die Ketonurie imd der Kctonkorpergciiail 


des Blutes. ^ , n 

• Munoz beobachtete eine Zunabme der FcUsaurcn. dcs Cho- 

lesterins tind der Phosphatide im Blut nach Behandlung ini 
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die Ncbeunicrcn cnlfcrnl wcrdcn, unci die Kclomiric hcrvorru- 
fendc Wirkung dcssclljou hdrl bci den ncbcnnicrcnloscn Tier 
ren auf. 

Nacli Soskin (1936) enfallcl das fellsloffwecbselregclndc 
I-Ionnon seine Wirkung bciin t3l)crgang des Fells in Zuckcr. 
Ilierfiir soil da die MilNvirkung dcr Ncbcnnicrcnrinde erfordcr- 
licb scin. Die Kelonkdriicrbildung hiingl mil dcr A'^crwandlung 
des Fells in Zuckcr zusammen. 

Wabrscbeinlicb sind das fcllsloffwccbsclrcgclndc und das 
corlicolropc Ilypopliysenvordcrlappcnbonnon vcrscbicdcne 
Sul)Slan 7 .cn, da sic iin Ilypopbyscncxlrakl cbcmisch voncinan- 
dcr gelrcnnl werden kdnnon {Anscimino und Hoffmann, CoUip 
u. a.). 

Es isl aucb nicbl sicber, ob das fellsloffwccbscdrrgelnde Hor- 
mon die glykoslaliscbe und glykolropc Wirkung vcrnrsacbl, 
■vvclcbc dem glykoslaliscben b/.w. glykolropon Faklor im llypo- 
pbyscnvordcrlappcn zugesebrieben wild. Nacb NciifcUI und 
CoUip (1938) isl cs diesclbc wirk.sanie Subslanz, nacb Ansci- 
mino und Hoffmann bnndcll es sich um zxvei vcrscbicdcne 
Subslanzcn. Diese Fragc isl nocb nicbl gckliirl. 


Die clialiclogciic Wirkung flcr ITypopliysc 

Eine Zusamincnfassung dcr bormonalcn Wirknngen dcr lly- 
popbyse crgiljl, dass vide Mdglicbkcilcn fiir das ZuslandcUom- 
incn cincs dauerndcn Diabelcs bcslebcn; 

1. Durch Ausfall dcr Wirkung des pankrcalolropen Ilonnons 
komml cs zu cincr Insclalropbic, wclcbc zur Enlslcbung cincs 
Insulininangcldiabcles fiibrl. 

2. Eine .Sldriing im konlrainsularcn ncnrobormonalcn llc- 
flcxbogcn bcwirkl einen llcgulalionsdialicles von andcrem 
Typus. 

3. Dcr glykolropc Faklor vcrnrsacbl bci llyperfunktion 
durch Blockicrnng des Leberglykogens cinen Diabetes mil Jier- 
abgesclzlcr Koblcbydrallolcranz. 

4. 13ei Ausfall dcr corlicolropcn llormonwirkung dcr Hypo- 
pbyse bill cine Ncbennicrcninsuffizicnz mil mangelndcr Cor- 



PinIriicliUgung der Kcsorplion und Vcnverlun ”r“r n“ ®'' 
™te„, woboi Diabctosformen verschMcncr A^Zsthrnt 

a. H.nc Cbcrproduklion dcs Fcllstoffwecteelhorn.om fuhn 
/ur sinrkoii Kclonkorperbildung imd zu einem Diabetes. 

0. Dio libermassige Erzcugung des kohlehydralstofhvechsel- 
icgclndcn Hormons bewirkl einen gesleigerten Glykogenzer- 
I all mid dadurcli einen Diabetes, 

I).i.s tluTnolropc Hormon, ■welches nach Bomskoiv mit dem 
Kohlehydratsloffwcclisclhormon idcnlisch ist, venirsacht einen 
scliwcrcn Diabcics, der gclegentlich des Wachstums auflrill. 
Dio Allersfrcqiienzkurvc der schwercn Diabelesfalle vom 0- 
'i'ypus ^Ycisl auch ein slarkcs Maximum wiihrend der Waclis- 
lunisjalirc aiif {vgl. S. 346). 

Ilieraus gclU hen'or, dass es unnotig ist, das Vorkommen 
oino.s J)cstininilen diabclogoncn Faktors in der Hypoph)’se an- 
zunelnncn; ein Diabetes kann vielmehr durch die Wirkung oder 
das Zusainmenwirkcn inehrerer bereits bekannter Hypophysen- 
bonnonc zusfandc kommcn. Die Kliirung von Einzelheiten 
Ijcziiglicli der Gcnesc der verschiedenen diabefiscben Zustande 
gelidrt zn den Aufgaben der -w'eiteren Forschung. 

Jolws, O’MuIvcnmj, PoUs und Laughton (1927) beobaclile- 
tcn l)ci Versuchcn an Hunden die Entwicklung eines Diabetes 
nach Injcklion eines : Exirakts aus Hypophysenvorderiappen 
von Ochsen. Schon 24 Slunden nach der ersten Injektion trat 
cine BJutznckersleigcnmg mit Polyurie und Zuckerausschei- 
dung ein, Nvelchc 14 Tagc anhielt. Dann verschwand dieser 
Diabetes, und die Tierc waren in der folgenden Zeit gegen en 
nngewandtcn Hypophysenextrakt resistent. 

Ein Dauerdiabetes nach Behandlung nut Hypop 
dcrlappcnextrakt .vurde, ebenfalls bei Versuchen an Hunden, 
zuerst.von Young (1928) festgesfellt (s. Abb. 1 S. 12). _ 

Young verwendefe grossere Hypophysenmengen 3d0 
scben Hypophysenvorderlappens von Ochsen en > 

zur Bercilung des Exirakts. Dieser wurde mtrapentoneal m 
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sleigendcu Dosen iiu Laiifc von 25 Tagcn mil .'JUigigcr Pause 
zwischen z^Yei Injcklioncn cingcsprilzl. Dabei Piilstohl zu- 
niichst cin Iransitorischcr Diahelcs, wclchcr nacli 7 — 10 Tagcn 
verscliwindel, dann aber bci weilcrcr cncrgiscbcr Bchandluiig 
wiederkommt und iiacli 11—25 Tagcn dauornd wird. 

Nadi Young gclil die Icniporarc iDiabctcsform an eincm bc- 
sUinmlen Punkl in die pcnnanenlc iibcr, Isl dies eingelrclen, 
so verscliwindel der Diabcles nidil wiedcr. Das Anflrelcn der 
pernianenlen Diabelcsform gelil mil cincr Gcwiditsabnalimc 
einlicr, ^Yclche die Zmiabmc ablost, die im Sladinm dev Icmpo- 
riiren Diabelcsform anflritt. Wahrend dieses Sladinms isl die 
Kclonkorperanssclieidung goring. Wonn die pcniiancntc Dia- 
belcsforni beginni, selzl nacb Young plolzlicli cine .slarko Ke- 
fomiric cin, wolebe so boebgradig werdeii kann, dass .sicb in 
knrzer Zeil cin diabcli.sdics Konia cnlwickelt, 

Ein Dancrdiabelcs wcisl in der Uegcl koine 'rendenz znm 
Zuruckgclicn anf, sondern nimml clier mil der Zeil zn, nndi 
wonn cr mil Insulin bchandcU wird. 

Ein liypophysarcr, von diabclogcnon Ilormoncii des Hyjio- 
physcuvordcrlappcns licrvorgernfcncr Dijibclos cnlwickcll .sicb 
nacli Young bci Versneben an Hnndcn in vcrscbicdcncn Sta- 
dien: 

1. Lalcnzpcriodc, 1 — 2 Tngc, in weldicr koine Diabelcs- 
symplomc zn bcobadilen siiid, in der aber cine gowissc Un- 
cmpfindlidikcil gegen Insulin beslcbl; 

2. Icinpordrcs Dinbctcssiadiiim, in den nadislen G — 9 Ta- 
gen. Relalivc Iiisnlinnncmpfindlidikcil, Leber glykogenreieb; 

3. Rcfralddrpcriodc. lilnlznckcrgcliall normal, nadi wic vor 
Uncmpfindliclikcil gegen Insulin mid wcilcrbcslcbondcr holier 
Lebcrglykogengcball. 

. Diireb slarkc Slcigcnuig dcr Hypopbyscncxlraklmengc kaiin 
die Rorraklarperiodc abgcbrodien werden, wobci .sicb das 

4. permanente Dinbclcsstadiuin cnlwickcll. Dieses biilt aucb 
an, nadidcm die Bcbandlung abgebrocbcn worden isl. Da 
verscliwindel die Uncmpfindliclikcil gegen Insulin. 

Nacb Young unlerscbeidcl .sicb cin durcb Injcklion von 
Vordcrlappencxlrakl licrs-orgcrufcncr Ihjpophgstcnvordcrhtp- 
pendiabetes in mebreren Beziebungen von eincm durcb Pan- 
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krcaMxslirpalion vcrarsachlcn Pa„beasdmbelc, R ■ , 
pliysiiren Diaboles isl oft die ‘>- bis 3faeh« T (■ ™ 

.'oriich die G^bosueie.;; 
tvecbseln Bcim Pankreasdiabetes ist die InsSiabl, af 
absolul Iiidhiert, ein Hypophysiirdiabeliker kann da.e"™ 

h.t 7 °\ „b„e Cj, 

an^c Zcit leben. An insulinfreien Tagen nimmt ein Pankreas- 
cbabeliker viel mehr ab als ein Hypopbysardiabeliker. Der 
Quotient Zncker-: Slicksloffausscbeidung sowie die Kelonkor- 
pcraiisschcidung ist nacb Young beini Hypopbysenvorderlap- 
licndiiilieles grosser als bcim Pankreasddabetes. ^ 

Bcim Hypopbysendiabctcs ist die Zuckertoleranz cine 


scblechle, und' iiber 90 % dcr /Aigefubrten Kohlehydrate kon- 
lien im Urin ausgcscbicdcn 'werden. Der respiralorische Quo- 
tient wird von Glykosezufuhr nicht gesteigert, und bei reiner 
Fellkost nelimen sowohl Glykosnrie wie Kelonurie ab. 

Bcim cxpcrimentcllen Diabetes sind indessen die Scluvan- 
kungen zwiseben versebiedenen Tieren so gross, dass es nicht 
moglich ist, irgendwelche bestimmte Kennzeichen oder Greu- 
zen zwiseben versebiedenen Diabelesformen als Hilfsmitlel bei 
eincr verfeinerten Diagnostik zu konstruieren. 


Das duodeiio-paiikreatisclie Regidationssystem 

Im Zusammenliang mit der Kohlehydratresorption aus dera 
Darmkanal sorgt die Blutzuckerregulation auch fur das Blut- 
zuckcrgleichgewicht bei Nalirungszufuhr. Es muss daher em 
mit dem zerebral-hypopbysaren Regulationssystem koo^dlIue^ 
tes weileres Regulationssystem geben, welches enger an die 
eigentliclie Verdauimgstatigkeit geknupft ist. Diese un' lonis 
die Aufgabe des diiodeno-pankreatischen Sijstems ( vg . • • 

Baijliss und Starling wiesen 1902 die 
nalschleimliaut fiir die Sekretion des Pankreassafts m . 
nahmen das Vorkommen eines hormonal 
tins. an. welchos dio Bildung von 

flrbeiten von Hammarsien, Jorpes und Agrcn ist c . • 
ieiite in reiner Form dargestellt. 
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Die.Iiormonale Wirkung der Duodcnalsclilcimhaul auf das 
Pankreas Icnkte die Aufmcrksanikcil der Forscher auch auf 
das Verlialleit der Duodenalsclileimhaul beim Diabclcs und 
auf den Einfluss dcrsclben auf die Insulinproduklion. 

Miinroc (1906) bcobachlele als ersler bcini Diabelcs Veran- 
derungeu der Duodeualscblciuihaul. "Worlcman fand bci OIj- 
duklion von 21 Diabclikern 10 Filllc mil byporlrophiscber 
Scblcimhaul und vergrdsserlcn Valvulac Kerkringi. Moore 
(190G) slcllle aus Duodenalschleimbaut vom Schwein einen 
Exlrakt dar, ^Yclchcr die Zuckcrausscbcidung beim Diabclcs 
giinslig becinflusstc. lirainbridgc konnic diese Wirkung nichl 
naclnveiscn. 

hnj und Fischer (1924) liabcn cbenfalls nus Mngcn- und 
Duodcnalscblcimbaul cinen Exlrakl gewonnen, der in gewis- 
sen Fallen cine insuliniihnlichc Wirkung halle. 

Takacs isolicrle 1927 aus der Duodcnalscblcimbaul cine Sub- 
slanz, ^Yclcbc glcichzcilig Blulzuckci-scnkung und geslcigerlc 
Gallcnsckrclion hervorrief. Ein liinrcichcnd gcrciniglcs Sekre- 
lln fand dagegen Still und Shtpner (1929) ohne Einfluss auf 
das glykorogulalorischc Syslem. Ebcnso^Yenig konnlen Lri 
Barrc und Agreu irgendcinc liypoglykamisicrendc Wirkung 
cines gcrciniglcn, aus Duodenalsclileimhaul dargesiclllcn Sc- 
krclins bcobaclUcn. 

Dagegen crbiell Heller 1929 durcb Digeslion cines aus Duo- 
denalmucosa gewonnen Robsckrclins mil Tryjisin oder Pepsin 
cine von ihm als Duodenin bczciclinclc Subslanz, wclcbc bci 
pcroraler Verabreiebung die alimenlarc Hyperglykamic bci 
gleiclizciligcr Kolilehydralkosl herabsclzle. Tangle und Than 
fanden hierbei ein glcicli/.ciliges Slcigcn dcs rcspiralorischcn 
Onolicnlcn. Sie bracblcn daher die Wirkung dcs Duodenins 
in Bczieluuig zu ciner gcslcigcrlen KoblchydralYerbrcnnung. 

La Barrc und Lcdriil (1934) konslalicrlen cine slarke Blul- 
znekersenkung, wenn Ycrdiinnlc llCl bci pankreasdiabclischen 
liunden inlraduodcnal zugefiibrl wurde. Durcb Fiillung mil 
Trichlorcssigsaure gclang es La Barrc, das aus dor Duodenal- 
sclileimliaut gewonncnc Sekrelin in zwei Fraklioncn zu zer- 
legcn, die cine, das Exkrclin, mil crballener sekrclionsfordern- 
dcr Wirkung, die andcre, das InkrcUn, mil bypoglykiimisic- 
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nicht Sidaer, ob das Hellersche Daodenin mil L U «' 
schen Inkretin identisch ist, ^ ^ 

La Bane behandelte 10 Falle von Diabetes mif t,n-. ,• 
und steUte eine blutzu^^^ Wirkm^ Lcider'k 

1 Jesen \ ersuchen die Moglichkeit spontaner, mit der pcrio- 
clisohen Lebertatigkdt zusammenhangender Blutzuckervaria 
lionen unberucksichtigt . gebJieben. Der bypoglykamisieremle 
b.ffekt des Inkretins zeigte sicli aucli bei pankreasdiabcli- 
schen Hundcn nach vbllstandiger Patikreascxstirpation, wcs- 
balb das Inkretaon unabhangig vom Pankrcas wirkcn konncn 
muss.- ' • 

De Barhieri (1937) hat die Untersuchungen von La Banc 
fortgesetzt. Er konnle die hypoglykamisierende Inkretinsnb- 
stanz auf drei verschiedenen Wegen aus dem Sekrelin gc- 
winnen: 

1. Fallung des Sekrelins mit Trichloressigsiiure nach La 
Bone, 

2. Extraktion des Neutralsalzniederschlags des Sekrelins init 

saurem' Alkohol, . 

3. Extraktion des Sekretins mit saurem Alkohol- Alhcr. 

-Dei der Pepsindigestion der Ade oben dargeslelUen Frak- 

tiohen waren 1 und 2 gegen die Digestion resistent und he 
hielfen' ahre hypoklykamisierende Wirkung uber 24 Stunden. 
■Dae 3. Fraktton busste dagegen ilire Wirkung schon nach 30 
idinuten ein. De Barbieri unterschied daher zwei hypoglyka- 
misierend xvirksame, mit dem Sekretm 
scirleimhaut gewonnene Substanzen, die f Substanz imd d 
L'-Substanz, welche sach durch vcrschiedene Loshchkeit 
Ather und versclaiedene Widerstandsfahigkeit gegen protcolj 

lische Digestion auszeichnen. ^on Pepsindi- 

■ Die R-Substanz, welche binnen 30 Minute 

gestion zerstort -wird; nannte de Barbien 
• Die L-Subsianz ^vidersleht dagagen ^ OigesW 

oS :s,unde„ und;« 

Inkretin, womoghcli mit dem Det/ersci 
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De Barbicri iinlcrsuclilc die Wirkiing dcs Diiocrins an 11 
rrdlcn von Diabclcs. Er fund hei 8 Fsillen eincn bUilzuckcVr 
senkenden Effekl. Nacli einer Latcnzzeil von cinigcn Tagen 
begatm dcr Blulzuclvcrspicgel zu sinken, \nid dcr maxiinale 
Effekl stclllc sich nach 8—50 Tagen cin, Drci Fiille warcn 
sowobl gegcn Duocrin wie gcgcn die Insulin^Yirkung rcsislenl. 
Bei den Fallen, wo das .Duocrin wirkle, war die llcrabselzung 
dcr Glykosurie und Kelonkbrperausscboidung markanlor als 
die Bccinfhissving dcr Hyperglykihnic. Dc Barbicri incinl, die 
Wirkung des Duocrins sci anhaltender als die des Insulins, 
und es handle sich mdglichcrwcise um eine insulotrope Wir- 
kung, Dcr Inkrclineffekl kann dagegen nichl insulolrop vsoin, 
da La Barre cine bhdzuckersenkcnde Inkrclinwirkung auch 
bei panki’easloson Ilunden bcobachlel halle. 

Eine vom Sekrelin vcrschicdene insulolrope Substanz wurde 
1032 von Macallum und Laughton durch eine speziellc Frii- 
paralionsmelhodc aus Duodcnalschleimbaut dargcslelU. Die 
Forsclior fanden, dass dicscr Exlrakl den nonnalen Niichlcrn- 
blulzuckcrgchall nichl bccinflussle, wobl aber bei alimcniaror 
Hyperglykamic cine ausgci)ragl blulztjckerscnkcndo Wirkung 
halle. Nach 7- bis lOliigiger peroraler Verabreiebung blicb 
der Effekl nichrere Woehen bcslehen, iin Gegensalz zu dein 
des Duocrins, welchcr bald voruberging. Der Ufacallum-Laugh- 
fonsche Exlrakl halle koine Wirkung auf den Bluldruck odcr 
auf die Sckrelion von Pankreassaft. Bcini Sandmeycrschcn 
Diabetes nach parlieller Pankrcasexslirpalion ))ei Ilunden be- 
cinflusslc dicser Exlrakl nur die aVuncnlare llypcrglykiiinic. 
Bimcan (1032), Shunwaii, WiUiams und I'cttcr (1035) baben 
den Macalhim-LaughtonschQn Exlrakl an 30 Fallen von Dia- 
betes klinisch gepriifl: 

Von 12 sebweren Fallen reagierlcn 8 giinslig auf den Ex- 
lrakl, 4 waren resislenl, von 18 leicblen Fiillen wurden 11 
giinslig hccinflussl, 7 waren rcsislenl. Die vier sebweren Dia- 
belesffdle, welche gegcn den it/ncoffiiin-Laup/ifonscben Exlrakl 
rcsislenl waren, waren dcullich insnlinubcrcmpfindlicbe Fiille. 

Flint und Michaud haben die Wirkung dcs Macallum- 
Laiighfonschcn Extrakls eingehend analysicrl und fcslgcslelll, 

' dass cs sich uin einen stabilisierenden Faklor handell, der 
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fluss der Hypophyle wirlcf ^“tagonisliscli gegcn den l-i„. 

seniende Wirtog obging oder d!; io^Xtall^ot' f 
^uckersteigemng bewirkte, welche sidi bei gloichzcililr ^ ' 
»«hbmmerang der Kohlehydrallole™^ iiber 1-2 ' 

^recken konnle. Wenn Insiilindosen, wclclic in gewiilmliclm, 
Men wirksam waren, gleichaeilig mil dicsem paradox ,vi,. 
kenden Macallum-Laughtonschtn Extrakt gegeben ^vur(lcn 
war die Wirkung des Insulins merklich abgesclnvacl.l odci^ 
blieb ganz aus. Der Maeallum-Laughtomchc Extrakt konnle 
daher eine Fraklion mil insulinantagonistischer Wirkung enl- 
halten. Macallum fand 1938, dass diese insulinantagonislisch 
wirkende Substanz nicht nur in der Dubdenalscbleimliaut vor- 
kommt, sondern aucb, und zwar regelmiissig und reichliclier, 
ini Pankreasgewebe, aus dem sie leicht zu gewinnen ist. Diese 
aus Pankreas dargestellte Substanz ist mit der insiilinantago- 
iiistiscli wirkenden Substanz aus dem Duodenum identiscb. 


Den normal wirksamen Macallum-Laiigb(omc\m\ Extrakt 
erball man am besten bei Tieren, welcbe ebcn gefrcsscn ha- 
ben. Lasst man die Tiere vor der Praparierung der Duodenal- 
sclileimhaut 48 Stunden hungem, so erhalt man cinen scbr 
schwacli wirkenden Extrakt. Die wecliselnde Menge der 
wirksamen Substanz im tatigen Oder riihendcn Duodenum 
beruht nacli Macallum darauf, dass die Substanz nicht im 
Zwdlffingerdarm sondern in der Bauchspeicheldriise gebildct 
und der Duodenalschleimhaut mit dem Pankreassafl zngcleilcl 
wird; La Barre beobachfete auch, dass intraduodenal zuge- 
fiihrte schwache Saure nur dann eine Blutzuckersenkung ver- 
anlasste, wenn gleichzeitig Pankreassaft sich im Duodenur 


befand. ^ i 

Nacli anhaltendem Hungern wird der Organismus „ g 

Kohlehydrate empfindlicher, und die ’ i; 

glykaml wird dabei starker als normal. _ Em wahrscbmrdic. 

hiermat zusammenhangendes Phanomen isl die ' , 

nachgewiesene Erscheinung, dass die Nuchternblulm 
sinken, wenn nicht an Diabetes leidende Personen n ‘ 


lang grossc Kolileliyclralmengen zu sich nchmcn. IJoiiu Dia- 
beles bleibl clicser Akcrreu-Effekl aiis. Bei Glykoscbclaslung 
nacli vorausgcbendcr kohleliydralarmcr Kost wird aiicli die 
Hyperglykiimic starker als nach koblehydralrcicliercr li-rnali- 
rung. 

Nach Flint (1938) ist die gcslcigerle Kohlehydralempfind- 
liclikeit nach vorangehcnder Kohlehydralkarenz auf einen 
Aiisfall der blulzuckersenkenden Faktoren des Pankreassafls 
zuriickzufiilu'en. 

Die alls der Baiichspcicheldriise nach Macalliun-Lcnighion 
geivonnene insulinanlagonislische Substanz erhiilt nach sanrer 
Hydrolyse cine cntgcgcngcsetzlc Wirkung und wird synergis- 
tisch init Insulin. Ob diese Substanz niit der insulolropcn 
Substanz des aus Duodenalschlcimhaut dargestelUen il/oc- 
allam-Laughtonscixcn Exlrakts identisch ist, ist noch nicht 
bekannt. 

Fathcnj, Bicrrg und traverse haben 1936 auch aus der Jc- 
jiuialschleimhaut cine hypoglykamisicrend wirkende Substanz 
dargestcllt. 

Aus Pankreas und Duodenum sind also hishcr folgendc hor- 
monalen Substanzen gewonnen worden, wclchc in die Blut- 
zuckerregulalion und den Kohlehj’dratstoffwcchsel cingreifen: 

1. Insulin. Blutzuckersenkcnd. 

2. Macallam-Laughtonsclw Siibslanz, ivaln-sclicinlich insulo- 
trop, die Inseln zu gestcigerler Insulinbildung stimu- 
lierend. 

3. Insulinantagonislisclie Substanz. Blutzuckcrstcigornd. 

4. Inkrctin = L-Substanz. Blutzuckersenkcnd. 

5., Duocrin = R-Sul)slanz. Mdglichcrwcisc insulotrop. 

Es ist nicht sicher, oh Inkrctin und Duocrin aus dem Sekre- 
tin slannncn, Oder oh es Substanzen sind, welclie dassellic lie- 
gleiten. .Tedenfalls scheinl das rcinc Sekretin keine hlutzuckcr- 
senkendc Wirkung zu hesitzen. 

Das duoclcno-pankrcatische Hormnnsgstem wird von der 
1 crdauungstCiligkeit und der mit dieser verbundenen Rciziing 
des Zwolffingerdarms in Gang gebracht. Bei der normalcn 
Blutzuckcrregulotion muss dasselbc mit den iibrigen glgko- 
fegulntoriscben Systemen koordiniert sein. 
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.VII. ABSCHNITT 

Die ;physikalisGli-chemische Regulation 

beim Diabetes. 


^ organge beim Stoffwechsel lassen sicli griindsiilzlicli in 
wei auptgruppen einteilen: 1. suhstanzverbrauchmlc Encr- 
gie .frei machende Prozesse (Energiestoffwechsel), 2. minklo- 
nsche Prozesse von nicht energetischer Art (RegiiJaiion.«foff- 
wechs61). ' ' 


Der Energiestoffwechsel stellt die Energie zur Vcrfiigmig, 
welclie fur- den Fortgang der Lebensprozesse und fiir die Auf- 
])auarbeit im Organismns gebraucht wird. Diese Energiequelle 
ist die Conditio sine qua non fiir die Lebensfunklioneri der 
Korperzellen, fur das Wachstum derselben und fiir die normnie 
Produktion der Korpersubstanz. 

Der Reguldtionsstoffwecbsel dagegen hat fiir die AnfrecW- 
erhaltung des physikalisch-chemischen Gleichgewichlszuslan- 
des in den Korpersaften und fiir die Bildung der Aitsschci- 
dungs- und Abfallprodukte zu sorgen, welche fiir das ungc- 
stdrte Fortbestehen dieses Gleichgewichls notwendig sind. 

. Sollen die Lebensprozesse reibungslos, normal vcrlaufen, 
so muss eine bestimmte Relation im Substanzausiausch zwi- 
schen Korpersaften und zelligen Elemenlen bestchen. Diese 
wechselt je nach den verschiedenen Funkfionen der Zcllcn 
und nach dehi funktionellen Zustand derselben. ; 

Die Aminosauren, die Bausteine der Eiweisskbrper, sui , 
amphotere Elektrolyte. Ihre Ladung hlingt von der lonenkoa- 
zcntration des umgebenden Mediums ab. Die kolloidc Ladun;, 
der Eiweissmolekiile ist daher gegen Veranderungwi dies r 
•Eonzentration der Gewebssafte hochgradig enipfin ic i. 
-grossere Veranderung der Ladungsverhaltnisse kann z-u 
Ausflockung der kolloiden Subsfanz fiilnen. Dicsc m 
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hci ciner Wassersloffioncnkonzcntralion stall, wclche deni 
isoeleklrischcn Punkl dcr Eiwcisskdrpcr cnlsprichl. 

Kommtc es in ciner lebcnden Zcllc z.u ciner solclicn Ans- 
nockung, so Irill ein kataslrophalcr Zusland ein: der Leliens- 
prozess in dcr Zelle koniml ziim Slclicn, nnd hei grosserein 
limfaug dieses Vovgangs drohl dcm ganzcu Organismus ein 
plolzlichcr Tod. Einc Anderung dcr eleklroslalischcn Ladung 
der Zcllkolloidc kann zu anaphylaklisclicn Zuslanden fiiliren. 

Dcr Subslanzaiistauscli zwischcn Zcllcn nnd uingclienden Ge- 
Avebssafteu isl an die Pcrmcobililnl dcr zcllbcrircnzcndcn 
bran, den Ban nnd die Fnniction dcrsclbcn gebunden. Dadurcb 
erhiill der Zusland dcr Zclimemliran cine cnlscbeidcndc Bo- 
dculung fiir das normalc Lcbcn der Zcllc. 

Die Slrnklur dcr Zellmcmbran isl walirsclieinlicli die eines 
klosaiks, mil orienticrlcn lApoid- und liiNveissmolckulen, die 
sich durcb Wirkung vcrscbicdcncr lonen in dcr Dmgebung und 
der ZcllslrukUir bci normalcu Vcrbiillnisscn iiu clcklrosla- 
tisclien Gleicbgcwicbt licfindcn und dadurcb dcr lobendon 
Zellc einc bcstimmle Ladung vcrleilien. Durcb die Lcbcnsfunk- 
lioncn der Zclle und durcb den Sloffwccbscl slcbl die Slruk- 
liir dcr Zellincinbran in cincin stiindigen WcciiscI, wodurcb 
dcr Subslanzaustauscb slaltfindel. Jc inlensivcr dcr Stoff- 
wccbsel dcr Zcllc isl, dcslo ausgiebiger isl dcr Subslanznus- 
lauscb. Die Harnbildung ini Zusaiiiincnbaiig iiiil deni slarkon 
Saucrsloffvcrbrauch dcr Nicren und dcm oxydativen Stoff- 
Nvcdiscl dcrselbcn isl ein Bcispiel liicrfiir. 

Ein fiir die pbysikaliscli-clicniisclie Rcgnlalion und die Auf- 
rcchlcrhallung dcs loncngleichgcwichls im Organismus bcdcu- 
Umgsvollcr milwirkender Eaklor isl der Mineral- und Wasscr- 
umsalz. Dicser slcbl wic dcr KoliIcbydralsloffNvecbsel unlcr 
neuroliorinonalem Einfluss. 

Abgescben von der cbcniischen Zusammensetzung muss in 
den Kdrpcrfliissigkcilcn iiocb ein Glcicligowiclil in licztig auf 
u a. Wassersloffionenkonzcntralion, osnioliscbcn und kolloi- 
dosmolisclien Driick sowie pbysiologisclic lonenrelation vor- 
liegen. 

Das Saurcn-Bascnglcicligcwiclil im Organismus isl von aller- 
grdsslcr Bcdculung fiir den norinalen Ablauf dcr Zcllfunklio- 

ir. 
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nen. Der Frage- der physikaUsch-clvemiscFcn Rcgulalion dcr 
Wasserstoffionenkonzentration muss heim kclosivurcnbildcndcn 
Diabetes gauz bcsondere Aufmerksatnkeit ge^Yidn^el wcrdcn. 


Die Wasserstoffioneiiregiilation 

Elektrolyte sind in Losung ieilwelse oder ganzVich in frcic, 
elektriscli geladene lonen dissoziiert: positive Kalionen iind iie- 
eative Anionen. Nacli dem Gesetz der Massemvirkung bofindel 
sich das Produkt dieser loneii in einem Gleichgewidilsziisland 

mit dem nicht dissoziierten Eleklrolylrest. Die Dissomliom. 

Vnnstante andert sich mit der Teniperato. 

Sataklerislisch fttr Sauren ist die Abspaltaag tar porto 

beruhl auf emer E'eM— rm 
Das reine Wasser rst J ^pWerer 5 

geringem Dissoziationsgr . das Wasser neulrai 

Lk- und HydroxyUonen „,0 ,is 

rcagiert- Auf ^ [OH'l ton®'™' 

im Verhaltnis zu I ^ Gleichgendchtsgteichung, 

„„d infolged-seu mmmt d. 

Dissoziationskonslan , 

n ist die Dissoziationskonstante dcs Wasser 

Nach Sorensen ist me , 

Vr _ 10'^'*’” 




18° C; 

25° »: 1.27-10 


1-14 ^ 10 - 




>-14 


r lO-l-'-” 


toff nnd Hydroxylioiicn 

Dadie-AnzahlderWasserstoff-und 

deiche ist, -wird „ m+P 

° Knio " ^ 


woraus folgt, dass 




’> 1 " 


’d.- - 


ist. 
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Die Wassersloffzahl fiir reincs Wasser wird daher nach 
Sorensen: 


0,8G • 10-7 bci 18°, pH 7,07 cnlsprcchciul, 
l,ia • 10'" » 25°, pH 0,9r> » 

1,77 • 10-7 „ 37°, pH 6,7r, » 

Dies enlsprichl dem Neulralpiinkl. Eine Ldsung wird saner, 
■wenn die Anzahl der Wassersloffionen pro Liter grosser ist als 
im reiiien Wasser, und mil steigendcr Wasserstoffzahl sinkl der 
pH-Werl. Ist die Anzahl der Wassersloffionen kleincr oder 
die der Hj'droxylionen grosser als im reinen Wasser, so ^Yird 
die Ldsnng alkalisch. Der pH-Wcrl sleigl dabci mil sinkender 
Wasserstoffzahl odor wachsender Hydroxjdzahl. 

Die Starke eincr Saurc hiingl von der Dissozialionskonslan- 
ten dersclheu ah. Jc hdher diesc isl, d. h. jc vollsliindiger die 
Dissozialion ist, dcsto grosser ist die Anzahl der pro Voliimen- 
einheit vorhandenen Wassersloffionen, nnd desto starker isl 
die Silure. 

[H+l • [Ac-] :^=± K [H Ac] 

ill *' 

Wird eincr schwiicheren Sanre cine slarkcre zugeselzl, so 
sleigl die Konzcnlralion (11+) , wobei das Gleichgowichl ver- 
schoben nnd die schwiichcre Saure noch sclnviichcr dissoziiert 
wird. Eine scliNvachc Siinre wirkt dadnrch als eine Pn}fcr- 
subslanz regnlierend anf die Wassersloffionenkonzentration 
ein. Die Wirknng wird noch vcrsltirkl, wenn die schwache 
Saurc ganz oder zvun Tcil dutch eincs ihrer Alkalisalzc cr- 
setzt wird. Dnrch Wahl geeigneler Puffcrsnbslanzen in pas- 
sender Menge lassl sich eine so slarkc Pnffenvirkimg erzielen, 
dass eine Ldsung bci konslantcm pH gehallcn Yverden kann, 
and zwar anch bci Znsalz von sanren oder basischen Snb- 
stanzen. 

Bci der biologischcn Wassersloffioncnregulalion spielt die 
Pufferwirkung cine schr wichlige Bolle. Bedenlnngsvolle Puf- 
fersubslanzen im Oi-ganismus sind n. a. primare nnd seknn- 
darc Phosphate, Bikarbonat imd Karbonat. 

Die Dissoziationskonslanlcn .sind fiir: 
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Pnmiircs (Mono.) Phos,,h„l, bh.PO,. I,„' 25"; i , , i,, ;. , , 
Soknndaros (Bi.) Ph„sp,,„,, B^„po , _ ' • 1*. 

BiJcarbonat, nwm " ‘ 

Karbona{, t, ^ . pKi i*,;; 

Das Mass fiir die Mengc freier Siiurc i.sl die Pi/, , 
besamtazulm. Dicse wir<I durcl. Zusals cincr ;,(iuiv "1 - 
Alkahmenge bis derje/.ige pH- Wert errcicl.l i,l sv'lei,;,!' j ' 
geb.Weien Neulralsals und deni Farbumscl/Ing des „,il ili': 
sjcht hierauf gewahlten Indikalors eiitsprichl. 

Die aktuellc Realction Oder lonenazidildt but {la»c”fn iiidiN 
mit der Gesamtsauremenge zu schaffen, sondora wini vn,, d/w 
erlijiltnis zwisclien freier Siiurc und Salz, jilso vnn (kni !)i,. 
soziationsgrad, bestimml. 


[H+] = K, 


[BHoPO^] 


K» 


[HoCO/ 


[BoHPOj] - [BH 


COal ~ [B\ . ay 


Einen Massstab fiir die Pufferungsfiihigkcil eincs Sy.sttiiis 
bildet die Anderung des pH-Wcrls beim Zusalz cincr liosrmnin 
ten Menge Saure odcr Base. Bei Zusatz von Siiurc bzw. Alkali 
zu einer Losung mit Pufferwirkung averden die lilcklrohi- 
Icomponenten des Puffersystems melir oder weniger slnrk div 
soziiert, so dass der pH-AVerl der Lbsung konslanl wird. de 
besser die Pufferwirkung ist, desto melir Siiurc odcr Alkali 
kann zugesetzt werden, obne dass sich die AVasscrsloffioncn- 
konzentration iindert. Die Piifferkapazitdt oder Modcralion'^' 
breiie eines gepufferten Systems enfspriclit deiu Saiircn- bzw, 
Basenaquivalent, welches zugeselzl werden nui.ss. daniii di^ 
I'ufferung gleich Null werde. Die Puffcrkapazilfd aiidcrl sidi 
mit der Konzentration der Puffcrsubslanzcn. 

Bei steigender Phospbat- odcr Bikarbonatmengo nininif (br 
Moderationsbreite des gepufferten Systems and daaiil dit 
bigkeit, saure Produkte zu neulralisicrca, za. 

Die Reakliomregehing des Organismiis ist emersvds an < 
elgene Puffemng. des Blutcs iwd der CfCiixln ! 

hangt andererseits mit der Wegsehaffung ston/a <r 
zen imd der Entfcrnimg dcrsclbcn ems dan Rlnb' zamn < ■ 
Es ist die Belaslung des Regulalioassy.slcnis als i.uizc 
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liir den Zusland dcs Organisimts iind die sauren-basenrcgulic- 
rendc Fahigkeit dessclben den Aiisschlag gibt. Die Wasser- 
sloffionenkonzentration des Blnlcs kann aiich bci Sldriingcn 
des Saiiren-Basenglcichgcwichts innerhalb normaler Grenzcii 
liegen, solange der Rcgulalionsmcchanismus niclil ubcrbclaslet 
ist. Die Sldning isl da kompcnsiert. 

Der pH- Wert des venosen Bliites belriigt nach Michcielis 
nonnalerweise elwa 7,59 bei 18°, was 7,38 bci 38° cntspricbl. 
Die Differenz zwiscben arteriellem nnd venosem Blut beliinfl 
sicli auf bdchslens 0,14. 

Bci cinein Diabetes init Bildung organischcr Saiircn iindert 
sicb sogar in cinem prackoma Ibsen Sladinm der pH-Wert dcs 
Blutes nur ^Ycnig. Erst wahrend der Endsladien dcs Konias 
kann der pH-Wert auf bis gegen 6,9 absinken. 

Die Hauplfaktoren bci der Saurcn-Basenregulalion dcs Orga- 
nismus sind das Ausschcidungsvcrinbgen der Nicren, die Puf- 
ferung dcs Blutes und der rcspiraloriscbc Gaswecbsel. 


NicrcnUiligkcit und Rcaklionsrcgclung 

Die Aussclicidung saurcr und basiseber Subslanzcn gibl den 
Niercn die Mbglicbkeil, in die Regulation der Rcaktion dcs 
Blutes kriiflig einzugreifen. Diirch Ausscheidung des Uber- 
scluisscs im Uriu kann der Gehall des Blutes an diesbezuglichen 
Sloffen verhaltnisniiissig konslanl gcballcn ^Yorden. Wie voll- 
sliindig die Nicren uberfliissige Subslanzcn zu climinicren ver- 
mbgcn zcigl Abb. 75 (S. 307), in der ein Beispiel von Brenz- 
Iraubensaureausscbcidung im Urin bci prakli.sch konstanlein 
Brcnzlraubensauregeball dcs Blutes gegeben wird. 

Durch die wcchselndc Ausscheidung saurcr Subslanzcn wird 
der Sauregrad dcs Urins belracbtlicbcn Varialioncn unterwor- 
Icn. Der pH-Wcrl dessclben \\’cchscll daber normalerweise 
zwiscben 5,0 und 7,2, abbiingig von der Nabrung und anderen 
Faktoren. Die nonnalc Varintionsbreite der HarnazidUdt isl 
die Voraiissctzung fiir ein konstantes Sdiiren-Basengleichge- 
«>ic/i( im Bhite. Hierbei isl cine ungeslbrle Nierenfunklion 
von allergrbsstcr Bedculung. 
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Bet Urin qIs PufeBsuBi) 

-.oho die 

dukte modifizierl, I„ saurem Ilri, . f®*'"*™® Pro, 

fei-syslcm: "" ■*“ ™rt,er,schc,.dc P„t. 

pninares sekundiires Phosplial. 

Isl der Harn alkalisch, so wVd daneben das System: 

Kohlcndioxyd Bikarbonal ^ Karbonat 

zii eiiiem wichligen Puffer, 

^ Den Variationen der lonenaziditat im sauren Urin entspricbl 
die Verschiebung: . 


Monopliospbal ■<— i. Diphospbat, 

In stark saurem Harn sind bis 90 % des Gesamtphosphors in 
I'orm primaren Phosphats vorhanden. Die Ausscheidung star- 
ker Sauren erfolgt stets zusammen mit einer aquivalenten 
Menge Alkali, welclies hauptsachlich als Monophosphat gebun- 
den ist. Da die Phosphorsaure im Blut zu etwa 85 % als Di- 
natriiimphosphat gebunden ist, die sauren Valenzen aber als 
Monophosphat ausgeschieden Averden, sparen die Niercn die 
HaJfte des Alkaligehalts des Blutes fiir den Organismus. 

Je mehr saure Substanzen ausgeschieden warden miissen, 
desto- grosser sind die hierzu erforderlichen Phosphatmengen, 
und um so mehr AA’ird der pH-Wert des Urins nacli der sauren 
Seite A^erschoben. Mit steigenden Phosphatmengen nimmt aucb 
die Pufferkapazitat des Hams und damit die Fahigkeit dessel- 
ben zu, die sauren StoffAA^echselprodukte zu eliminiercn, olinc 
dass sich der pH- Wert in hoherem Grade zu iindern brauebt. 
Tab. 10 niacht die Pufferungsfahigkeit zAveier verschiedener 
Urine, eines mit pH 5,2 und eines anderen mit pH 6,3, crsicht- 
lich. Im ersteren Falle ist die Pufferungsmbigkeit des Urins 
ziemlich gross, im lelzteren ganz gering. Bei cincm hohen p 

Wert ist keine nennensAA'erte Pufferungsfahigkeit des 
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crforderlich, da schon von vornherein cin Baseniibergewicht 
im Harn vorliegl. Ziisatz von Saurc verandcrt da den pH-Werl 
des Urins sehr stark. 


TAB. 10. 

I’uHcriinjjsvcrniojjcn rtcs Uriiis Iiei vcrscliicdcncni jill. 









Urin I 

pH 5 

2 

Urin II 

pH £ 

.,3 









pH 


pH 


pH 


pH 

100 

ml 

(Jrii 

+ 

2 

ml 

N/io 

NuOH 

5,32 

HCl 

.5,02 

NaOH 

6,8 

HCl 

5,92 

» 

» 

» 

+ 

4 

)> 

)> 

» 

5,55 

» 

4,92 

)) 

7,45 


5,00 


» 

)> 

+ 

G 

» 

» 

» 

5,85 

» 

4,82 

» 

8,3 

)) 

5,35 

» 

» 

» 

+ 

8 


» 

it 

6,20 

n 

4,78 

>1 

8,5 

» 

4,92 

)) 

)) 


+ 

10 


}) 

» 

6,60 

» 

4,70 


9,8 


4,70 

» 


» 

+ 

12 

)) 


1) 

8,15 


4,60 


* 

>► 

4,12 

» 

» 


+ 

14 

» 

» 

» 


» 

4,40 

» 


» 

3,00 

» 

» 

)> 

+ 

16 


» 

»> 


» 

4,05 



» 
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Das Sliidiiim der im Urin ausgcschiedenen Produkle gcwahrl 
6ei iingeschddigter Niercnfunkiion die Mogliclikcit, Storungen 
im Verlauf des Zwisclienstoffivechseh zu verfolgen. Im Urin 
(indet man ziim grossen Tcil die im Korper gebildeten, abcr 
iiic/if weitenimgesetzten Intermedidrproduktc. Ausscheidungs- 
diagramme bicten dahcr eincn Wcg ziim direkien Stiidium der 
bioffwechsclstorung. 


Ketonliorpcrausselicidiuig niid hiimorcnnlcr Kelosaureindex 

Bci Storungen des FcUsaurcumsalzes isl das Studium der 
Kefonkorperausscheidung von spezicllem Interesse. Dies gilt 
namentlicli fiir die ^-OxybuUersaure, welclie cine nichlfliicli- 
lige Substanz ist. Bei ungescliadigter Nierenfimktion findet 
man die /?-Oxybuttersaure, welche im Organismus niclit wei- 
teruingesetzt wird, zuin grossten Teil im Harn winder. Azeion 
and Diazetstiure sind dagegen fluchtigere Substanzen, welcbe 
Icihveise in der Respirationsluft ausgesebieden werden. 



Nach Engfeldt sind ini Blut normnir. 

samtazeton (Azeton-DiazeliSurc) m,d biu 

simre vorhanden. Bei mSssiger Azida. 
sauregehalt das Blutes aut 20-70 mg% m',d a '' 
ran Fallen mehrere hunderl msvJir '"i laim m sdwm. 
Werte von bis 2A8 n>g% gefundcn, 1,"g 

ing% und Fazelca sogar bis 565 mg%. ^ ^ 

Bei ungeschadigten Nieren soil nach Abraham und AUm,m 

tier hdmorenale Keionindex = Harnkonzentralion 
' Blutkonzenlration 

fiir das Gesamtazeton bei etwa 10-12 liegen, im Prackoina 
und Koma aber infolge mangclbafter Ausscbeidiiiig (lurch die 
geschadigten Nieren auf ungefahr 1—2 sinken. Fiir die (i-Ow- 
buttersaure betragt der entsprechende Indexwcrt nach Eiuj- 
fcldt bei ungeschadigten Nieren 6 — 7, er kann aber im Prnc- 
koma und Koma mit zunehmender Niereninsuffizienz auf Wer- 
te unter 1 fallen. Dabei kann die ausgeschiedene Kclonkor- 
perhienge trotz hochgradiger Ketonamie verhaHnismiissig kleiii 
sein. 

Zwischen Ketonamie und Kelonkdrperaussclieidung l)cslel)l 
j(^doch keine feste Korrelalion, und der biiinorcnalc Ivclonin- 
dex wechselt seinem numeriseben Wert nach in selir liohcm 
Grade. Snapper hat einen Fall von Diabetes mil ciner 90 mg'/' 
entsprechenden Ketonamie ohne nachweisbare Kelonkorpcr- 
ausscheidung im Urin beschrieben. Im Schriftlum kann man 
Falle von diabetischem Koma mit negafiver Gcr/inrdtschor 
Reaktion im Harn finden [Bock, Field und Adair] Mac Cm- 
Iceij u. a.). Elmer und Scheps haben fiber einen Diabctc-sfall be- 
richtet, bei welchem der Ketonindex trotz zunehmender za- 
dose von 1,6 auf 9,7 stieg. In diesem FaUc sank 
ionamie von 236,7 mg% auf 28,2 mgfo, aber die A^kahresm. 
blieb niedrig. und nach 12 Sfunden kam ein Koma d.al.cl.cn 

■ zum Ausbruch. , , . . 

,Der hamorenale Ketonindex wechselt auch hei ein 
selben Kranken ah verschiedenen Zeitpunklcn mu ^ ^ 

ebenfalls keine individuell konslanle Grossc. ic u 
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Abb. 42. Aussdicidungsdiagramm bci Diabetes mit Ivelonuric. Slarkc Ammo- 
niakbildung, welche auch mit sleigender Kctonuric bei Verminderung des 
Insulins' zunimml. Wahrend des Hungerlages (24. II.) grosse /?-Oicybutlcr- 
saureausscbeidungswellcn mit ungenugender Ammoniakbildimg. Urn elwa 24 
Uhr Obclkeit und gesteigertes Durstgeftthl, weshalb um 21.30 Ulir Insulin gc- 
geben wurde. Vorher am Tage .Allgemeinzustand o. B. 

Fall. 3. Axel T., geb. 1917. 

Kcin Diabetes in der Familie. 

1926 Pneumonie mit linksseitigem Empyem, sonst stets gesund gewc- 
sen. Ihi Dezember 1941 leiclite Racbeninfektion mit geringer Tempera- 
tursteigei'iing. Lag niebt zu Belt. Nach 14 Tagen zunehmender Bursl 



A S f? It 70 0 


Zfif 


Ahh. 45. .Aiisscbeidimgsdiagramm bei Diabefes mit Kclonamic, 
aber ohne Ketonune. 



uiitl Mfidigkcil. Unerhcblichc Al)m:igcruiig. Dcr Dhiliclcs -wurde 
Mittc Jaminr 1012 fcstgeslclil uiid die Insiilinbchaiidhmg iiniiuUcilnu- 
cingclcilct. 10.11.1012 Lange 17G cm, Gcwidit 01, i bg. Pulsfmiucn/. 
50, llhildruck 120/70. llcrz: sy.slolische.s Gorfmsch, Grenzen normal. 
IniuTc Organc ‘sonsl o. 11. 

Dcr Diabcleslypns crgibl sicli ans Abb. 13. 

Da die Kclonkdri)cr in grusscin Au.snia.ss in den Nieren ver- 
brannl werdon, .spicgcU sich in dem liiiinnrenalen Kclonindcx 
nielli mir die Kelonkdrpcrausscheidungfunklion dcr Niercn wi- 
der, sondern unch die ^'erbrennnng <lcr Kelonkbrpcr in dicsein 
Organ. 

1. Isl die Kclonkurpcrliiidung iin Organisimis cine .slarke, 
aber die Kelo.saiircvcrbrennung in den Niercn nicbl gc.slcigcrl 
nnd die Ausscbcidungsfunktion fiir Ketonkdrpcr normal, so 
koninU bci nngcscbadiglen Niercn cine der Kcloniimic enkspre- 
cliendc Kclonuric zuslande (I'all I der vorslebcnden 'I’ab. II). 

2. Wenn die .Ausscbeidung.sfnnklion der Niercn sclir ausgic- 
big und die Kclonkdrpervorbrcnming vonslarkl isl; kann c.s zn 
emer so hoebgradign Kclonnric kommen. dass der Kelonkor- 
pcrgehall dcs Illules normal wird, wobei der bamorenale Index 
sebr liocli wird (Tall 2). lleaehlcnswerl is! die .slarke Ammo- 
niakausscheidnng bei dicsem I'alle. 

Wenn in dic.scm Talle slatt dor //-O.xybnUer.sanre die Azclnn- 
Diazeksaiire bc.slimtnl wird, er.sclioini cin anderer Indc.v (Tab. 
12 ). 

'I'AH. 12. 

Ilfimorcnutpr (icsumtxizrtonlmlcx. 


Fall 2 
GOsla M. 


Hunger 

21.11. 


«bu- 
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mg % 

mul 

mg 

Urln 

mg 

rcnnlcr 
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10-12 
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3.2 

12-M 
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•l.a 
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Tm 
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233 
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Azelon und Diazelsanre sind also in die.sein Fade im Dlul 
n crhdbler Mcngc vorbanden, nicbl aber //-OxybuUersiinre. 
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3. Isl clagegen die Kclonkorperausscbeidimgsfunklion gaiu 
unzuliiiiglich iind die Kelonkorperverbrennung nicbt verslarkt, 
so cuhvickell sicli cine Keloniimie boben Grades, aber die Ke- 
lonkdrpcrausschcidung wird sebr gering und der bamorenak 
Index dadurch niedrig (Fall 3). Hier ist aucb die Amraoniak- 
aiisscbeidung goring. 

AYcnn im Iclzlen Falle Nabrung zugefubrt wird, bessert sick 
die KohlcnbydralYcrbrcnnung iind die Keloniimie wird ge- 
rin-’cr Glcicbzcilig wird der Blulzuckergebalt bober and die 
Zucke'rdiurcsc verincbrl, was aiis Abb. 43 imd der bier foigen- 
dc Tab. 13 von dcnisclben Palicnlen bcrvorgebt. 


TAB. 13 . 

Iinmoronalor .^-OxybuUersaiircindcx im Ilumjcr und Dei 

Naliruniiszutiibr. 

Gc\Yohnl. Kost 17 . 11 . 


I'nll 3 • 

Axel T. 

2.”i <1. 

Hunger 13 . 11 . 

Blul- 
zuckcr 
mg % 

1 

,4-OxybuUcr- 
siiurc mg % 

hiimo- 

rcnalcr 

Index 

Blut Harn 

r i 


Blut- 

zuckcr 

mg % 


< 0,007 
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Kelonko.perverbrcnm.ng scl.c 

dung zusammenzubangen. 
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Die AininnniakiHldund 

Im ruhenden Muskcl lial Meyerhof cine Ainnioniakbildung 
bei Abwcsenbeil von Sauersloff •*cfunden. Embden xind Parnas 
haben anch cine Amnioniakbildnng wabrend dor anacroben 
Pliase dcr Muskelarbcil nacbgcwiescn. Daboi konntc Poriuis 
cin konslanlcs Verballnis zwischen dcr gcbildclen Animoniak- 
nnd Milcbsanrcinengc konslalicren, welches 1:14 enlspricbl. 
Es isl in dor Miiskidalnr wabi'scheinlicb die Adenylsaiire, wel- 
che die Anxnxoniakbildxnxg durch Ocsanxinicrung dcr Adenin- 
koniponcnlc zn llypoxanlbin tinier EnIsleJmng von Ino.sin.Siinre 
bewirkl (vgl. S. 105). 

,Das iin Urin vorkoinniende Annnoniak bal wabrschcinlich 
cinen andcren Ursprung als das dcr Mnsknlalnr. 

Die gcslcigerlc Aininoniakatisscbeidnng bej Kelomiric fand 
bcrcils friih Ilcacbtnng. Sebon IPdIenwrdcii biell sie fiir cine 
Neutralisicrungsniassrcgel nnd ineinlo, die erhuhlc Anintoniak- 
raengc im Ilarn ware cin Zcichcn almornier Hildiing organi- 
schcr Sauren im Kdrpcr, Dic-s fiilirle aucb zur linldeckung dcr 
//-Oxybutlersanre liei gewissen bTdlcn von Dialieles (vgl. S. 5). 
Janneij bclrachlelc das Urinanxmoniak als cinen alkalisparcn- 
tlen Faklor bei dcr .sanrcn-bascnregclnden I'nnklion der Nieren. 
Bei Baseniiberschnss im Organi.sinus niniml das Harnanimo- 
aiak ab, vcrscliwiiulct aber nicbl vollig. 

Die Frage, wo das Urinanxmoniak gobildel wird. isl Gegen- 
sland eifrigen Sitidiums gewesen. 

Nencki, Paivlow xmd ZidcMd fandon 1805, dass Hlnl axis der 
V. porlae i-eicblich Ammoixiak entbiilt, das in der Leber in 
Ilarnsloff ximgewandcll wird. zeigle iix dem.selben 

.lahre, dass .Sanrczufnhr per os die .‘\inmoniakausscheidnng 
sleigert. Dtitdop war der Ansichl, cin Toil dcs Anxmoniaks im 
Borlablxxl werde der llai'nsloffbildxing in der l^ebcr enlzogen 
und an den Saureiibersclxuss gebunden. Die saxircn-basenrcgeln- 
de Wirkung des Anxmoniaks solllc sicli da in dcr Leber cnl- 
fallcn, und die Nicre sollle nur bercils nculralisicrlc Sfutre aus- 
scheiden. 

Mil vcrbesserlcr Melbodik liabcn Denis xind Minot, Nash xind 
Benedict, Parnas, Hcnriqncs xi. a. die Frage dcr Ammoniak- 
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l 3 ildung aufgegriffen. Blut aus der V. porlae enllvAU reicWicli 
Ammoniak, das in dcr Darmwand bei Dcsaminicrung von 
rungseiweiss gebildet wird. In der Leber ^Yird das Ammoniak 
irreversibel in Harnsloff uingewandelt, and z3Yar so vollslan- 


dig, dass Blut aus der Lebervene nicbt 
als das arterielle Blut 

. _ _ - T m 


mebr Ammoniak enihiill 

— o» 

als das arterielle Blut. 

Adlersherg und Taubenhaus haben in peripberem Blnl 
hochstens 0,05 mg9'<? gefunden, Cholopojf hh 0,02 mgyo. H 

1 TT i_ ^ .,3 c rt? \Tf\r\ ArnmnninV in 


ind Taubenliaus nanen m penpuevciii i^iui \m 
hochstens 0,05 xsigjo gefunden, Cholopoff. his 0,02 mg^o. Hciiri- 
aues u a bestreiten das Vorhandensein von Ammoniak im pc- 
ripheren Blut. Dagegen findet sicb nacb Adlersberg mid Tan- 
bcnhaus im Blute eine ammomakbildende loslicbe SubsU , 

ren Zustanden m ^ ® , Blutes vorkomxnt. Bei w- 

Zunaliroe des Ammomakgy dagegen die ammoniaM- 

hoMcr Ammoniaka^scheidu „ t BcncdicI liatea 

dende Substana im Nierenvenen einen Mta- 

,en Ammoniakgeha t « g Nieren slaitWe . 

hindeutet, dass die Ammon.akbildune j,. 

Das amgeschiedene Jn GesamlsticksloHs. 

.iebung z«r Menge einem g^^ 

Q/>lbnlcli vind Gammcltof tj N-Stickstoff und G * 

vSfnis aavisclmn pH ^e Peii des Gesamiskck 

siickstoffamscheidung^^^^^.^^^^._^^,^„ an • 

staffs, welcher dem „ M^SUckslolMOO 

Ammoniakzahl = "Gesamtstickstoff 


, , Einen bes.im.nten Hnnreaktmn 

rechnet. Liner AmmoniakzaW. Aninio- 

Tf '’"nH sTbezeiehnet Hm^elhalch * mIcJ, indt 

anbif I^en No^ jtf-sSedenen Pet-n. 

3„ell konstant. svechselt aber 
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Polonowskij und Boulanger fimdcn dagcgcu einc crhcblichc 
individuelle VarialionsbrcUc dcr Aminonlakzald, welclio sicli 
mil der Eniiihruug iiud Flilssigkcilszufuhr iindcrl und dalicr 
keine individuell konslanle Grosso scin kann. Nacli Polonow- 
skij xind Boulanger sind Gcsamtslicksloffausschcidung iiiid Ani- 
inoniakaiisscheidung voneinander iinabhangig. 


TAB. 14. 

Sclnvnnl{iiii(ji!« rtnr AnnnoninkzHlil wiihrond ilrs Ta(/cs iin Ilmifjor 
und l)cl fcllrcichpr. kolilclij’drnlnrnipr KosI l)ol zxvoi 
Dinliclikern obnc Insulin. 































242 


vorslehende lab 14 

"'oninkzahl wiilirend des TaJ'?- der Am- 

elin, einma, i.„ Hunger 

liydralnrmon Kosl. ’ f«"reichai. lohl. 

a'«(«(e.s' aucj, beilldchbleTZiefw *' U 

lion nicht konslant ht Es ist wal i 
Urins direkl, t^e fl dtf “ 

isl. Bio Ammoniakbild.1 St e rfe fTT f 

Nteren. 


lAB. 15, 

Ai.,,,.o„l„te„|,| „„a An,monlak.,».0,vj),nllcrsiia,c,uolient w « 

Fallen \on bcdrollliellMn Htnlintno rr t. « 



Zcil 



U r 

i 

1 


Gesamt-J 

nig% 

1 HaN:! 
ing?{ 

S’ Ammo 
niakzah 

iPH 

/1-Oxybut 

tersaure 

n7g% 

- HjNiN 
ii-Oxybut- 
lersaure 

Evy S., 18 J. 

6-1 

oj 296 

50,6 

j 17,0 

5,3 

425 

0,12 

16. 1, 1910 

10-1 

2 358 

39,3 

.10,0 

5.1 

540 

0,07 

Ilunffor 

12-h 

1 215 

56,0 

26,0 

5,0 

660 

0,08 

1 Insulin 22 Uiu 

U-l( 

333 

47,0 

14,2 

5,0 

670 

0,07 


IG-li 

255 

58,6 

23,0 

5.1 

675 

0,09 

Marla K,. 

0- 8 

644 

39,3 

6,1 

5,5 

60 

0,60 

33 J. 


577 

36,4 

6,3 

5,8 

110 

0,33 

13. 1. 1910 


489 

33,7 

6,9 

5,8 

205 

0,16 

Iliiiifier 

12-14 

430 

39,0 

9.1 

5,7 

395 

0,10 

Insulin 22 Ulir 

J 

11-16 

537 

56,0 


5,0 

650 

0,09 

1 ' 

6-18 

508 

56,0 


5,0 

505 

0,11 

David S., 

6- 8 

680 

BB 

4,6 

5,5 

20 

1,55 

2IJ. 


623 


5,0 

5,5 

255 

0,12 

12. 1. 1910 

BhI 

664 

33,7 

5,1 

5,6 

410 

0,08 

Hunger i‘ 

1-11 

627 


8,0 

5,7 

515 

0,10 

Insulin 16.45 < r 

A 

—16 

570 

^|l| 

9,8 

5,4 

600 

0,09 

und 22 Uhr ^ 
|IG 

-18 

541 

mi 

10,4 

5,4 

680 

0,08 
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die Ammoniakzahl; man findel immcr melir von dem ausgc- 
schiedencn Slicksfoff als Animoniak wiedcr. Die ncbenstclicn- 
de Tab. 15 zeigl die Veranderiingen der Aminoniakzabl Ijci zn- 
nchmendcr Kelonuric bci drci Fallen von schwerem Diabeles 
in beginncndcin Praekonia. 

Die Ammoniakbildnng in den Nicrcn wird also bei normaler 
Niercnfunklion geslcigerl, wenn die Kelonuric znniniml. 

Orstrum bal gcfunden, dass der Glnlamingeball des BluVes 
insbesondcre bcim kelosiiurenbiUlenden Diabetes bcrabgcsclzl 
isl (S. 142). Da die NMercn reichlicli GInlaminasc cnlhaUcn 
i^vgl. S. 141), kann in dic.sen Animoniak in grosscn Mengcn ali- 
gespaltcn werdcn. Es isl dabcr wabrschcinlicb, dass die am- 
moniakbildende Snbslanz mil dem Glnlamin idcnliscb isl. 

Da die Ammoniakausscheidung mil der Kclomirie ziinimnil, 
bcslebl wabrscbcinlich ein Znsainmenhang zwiscben Ammo- 
niakbildnng nnd Kclonkdriierausscheidung. .Aus Tab. 11 S. 235 
wird crsichllicb, dass eincm bdberen hiimorenalen /J-0.\ybuller- 
siiurcindcx cine sliirkere Aminoniakausscbeidnng enlspricht 
als eincm derarligcn nicdrigen Index. Dies kann darauf bin- 
(leulen, dass der Desaminicrungsprozess in den Xieren tcilweise 
an die Kelosaurcnvcrbrcnmmg in den Nieren gekoppell isl. Ob 
es sicli dabci um cine direkle Beziebung der bciden Vorgiinge 
zueinander oder nur nm eine indirekle Verkniipfnng dnrcb 
Konkurrenz um den bci der .Almung des Nierenparencbyms 
zur Verfiigung slebenden Sauersloff bandell, isl nicbl bekannl. 

Die erhoble .Vmmoniakbildung liei gesleigerlein oxydalivem 
Kclonkorperabbau isl gceignel, ein Pbanomen zii erklarcn, 
welches bisweilen bcobacblel wird. wenn cine slavkc Kelon- 
uric durch Insulinwirkung ra.sch verschwindcl. Es Iritl da 
nicbl sellen cine bald voriibcrgchende, sehr slarke .Ammonlak- 
ausschcidung auf, welcbe sich einige Slimden nacb dem A’^cr- 
sebwinden der Kelonuric einslelll (vgl. Abb. 48 S. 249). 

Da Animoniak die zellularen Oxydalionsvorgiinge anzuregen 
scheinl (vgl. S. 107), kann das in den Nieren frei gemacble 
Ammoniak in bezug auf die Kclosauren eine doppelle Aufgabe 
zii erfiillen baben. Einerseils kann die Gewcbsoxydiilion nnd 
damil die Ketosaureverbrennung in den Nieren dnrcb die Ani- 
inoniakbildung geslcigerl werden. Auf dcr anderen Scilc kann 


17 
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(ias Amnioniak als neutralisierender .• 
grossere y^-Ox5'buttersauremen‘»en den Or ^ 
konnen, ohne dass das Nierennarpnon verlassen 

Bor hypomeusche 

scheidung der /?-Oxybu»ersaure dnrpi Aus- 

Oxydanons- „„d « 

tisch in folgendev Wcise darslellen: ' “ 


Oxydation 
(Dckarhoxylierung, 
Dehydrierung u. a.) 


Desaminierung 


l^-Oxijbutlersanrc^ 


«-KetogIutarsaurc4-^Glutaminsaure 

i 




Glufamin- 


->h,n 


■^HjN 

i?-0xy. 


Alkali 


butlersiiure 

->Na 

(K) 


Die aus Glutaminsaurc gebildete a-Ketoglularsaure kann in 
dem Cj-Saurenzyklus direkt weilerumgewandelt Averden and 
dadurch moglicherweise die oxydativen Prozesse bei Anwesen- 
heit von Ammoniak noch melir steigern (vgl. S. 126). 

'Die neutralisierende Wirkung des Ammoniaks bei der /?- 
Oxybuttersaureausscheidung kann teilweise von metallischen 
Kationen ersetzt werden. Dabei tritt die Ammoniakbildung zu- 
riick. Wenn Alkali im Korper reicblich zur Verfiigung stelit, 
konnen daher grossere Mengen /l-Oxybuttersaure ausgeschieden 
und der pH-Wert des Urins konstant gehalten gehalten vcr- 
dcn, ohne’ dass eine kompleftierende Ammoniakbildung stall 
findet. Dabei wird Natrium in grosster Menge ausgeschieden. 

Abb. 44 nach Lundegdrdh und MoUerstrom veranschau- 
licht die altemierende Ammoniakbildung und Nafriumaus 
scJieidung beim ketonkorperbildenden Diabetes. Von den 
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Abt). ¥i. Kalioncnausschcidung bci 
Ketonuric mil altcrnicrcndcr Na- 
Irium- «nd Ammoniakaussclieidung 
bci Naliningszufiihr olinc Insulin. 
Die Pfcilc hczcichncn Mahlzcilcn 
(nach LnndcgArdli und Mdllcr- 
slrom). 



Ahb. 45. Kalioticnaiissclicidung (Na, 1\, 
Ca II. 1I.,N) sowic .\usschoidung von 
Chlor, ^-Oxybullcr.sfnirc, Bronzlrau- 
licnsaurc \md Zilroncnsnurc. Cldor- 
uiul Nalrinmausscbcidiing voncinan- 
der unabhangig. Die Pleilc bezcicli- 
nen Insulin. 


diesem Fall wiihrencl eine.s FellkosUagcs ohne Insulin (vgl. S. 
326) auflrelenden drei /9-OxyhuUersaureausscheidungs\vellcn 
ontsprach der ersten und driUen cine slarke Animoniakaus- 
sclieidung, der zweilen dagegen eine vermehrle Nalrinmaus- 
sclieidung. Kalium verliisst den Korper in geringerer Menge und 
folgt speziell der Kelosaurenausscheidung. Kalzium dagegen 
wird aiiffallend gleiclunassig, auch bei hochgradiger Azidose 
ohne grossere Fluklualionen, ausgeschieden. Trolz der erhel)- 
licheu Varialionen in der lonenausscheidung liiill sich der pH- 
Wert des Urins ziemlicli konslant (Abb. 44) . Es wird bier er- 
sichtlich, wie Natrium und Ammoniak eii\andcr ergiinzen. 
Pliosphorsiiure und anderen saureu Valenzcn entspricbl der 
Kationenviberschuss in Abb. 44 und 45. 

Die Ausscheidung des Nalriums erfolgl unabbiingig von dcr 
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zeigt d.e Kationenausscheidung in "rStadL'"!'' 

Chlorausscheidung um 16 Uhr enlspricW in dteem Falle M.. 
/unahme der Nalriumausscheidung; lelzicre Irill crsi „„, 2« 
'to m Anschluss an eine maximale ^-Oxybutlersaurcwclle eiii. 

Bei smkendem pH- Wert werden immer grosscrc Mengca vtm 
helosauren in freier Form ausgeschieden, Nach Hcmkmu 
kommt die /?-Oxybuttersaure als freie Saure bei 


. pH 5,0 zu 33 %, 

» 4,75 )) 45 » , 

» 4,50 )» 60 It 

vor. 

Da die Ketosauren zienilich starke Sauren sind (Disso7.ia> 
tionskonstante bei 25'^: Diazefsaure: 2,6X10~^ jff-Oxybullcr- 
saure; 2Xl0~®) , konnen sie im Urln nicht in freier Form aus- 
geschieden werden, ohne dass eine Schadigung dcs Nierenepi- 
fhels eintritt. Bei sinkendem pH -Wert wird daher die Ammo- 
niak-/^-Oxybuttersaurebilanz des Urins fiir die Aussclieidungs- 
inoglichkeiten der Ketosauren ausschlaggebend. 1st dor Ammo- 
niak-/5-Oxybuttersaurequotient grosser als 1, so geniigl die Am- 
moniakbildung zur Neutralisation der gesainlen frcien Saure. 
Wenn dagcgen der Ammoniak-^-Oxybuttersaurequotient klci- 
ner als 1 ist, dann reicht das, Ammoniak nicht zur Neutralisie- 
rung der ausgeschiedenen Sauren aus, und bei sinkendem pH 
Wert treten mehr und mehr freie Ketosauren im Urin aiif. 

Bei steigender Ketosaurenausscheidung wird aucb der tr- 
lust des Organismus an Gesamtbasen, namentlicb an Nalnmn 
imd Kalium, grosser. Dadurch sinkt der KalionePoCha t ( e. 
Blutes. Durch den Salzverlust nimmt auch der \\ assergc la 
des BJutes und der Gewebe ab. Bei dieser Austrocknung 
die Harnbildung erschwert, und es kann da erne ^ 
slickstoffhaltiger Produkfc, eine AastrocknuiHiavranue, (i 
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ten. Wird noch dazu das Nderenparcnchym durch ausgeschic- 
dcne freie Siuircn geschiidigt, so leidct die Nierenfunklion. Es 
kommt zu einer Albumiriurie mil kurzen liyalinen lind granu- 
Jierten Zylindern, den sog. Komazylindcrn, iin Sediment. Dann 
biissl die Niere iinmer mebr ibre Bedeutung als ein bei der 
Sauren-Basenregulation des Organisnnis wirksamer Faktor ein. 
Als Anzeicben der einsetzenden Niereninsuffizienz beginnt der 
Keslstickstoff im Blule noch melir zu sicigen. Es enlwickelt 



Abb. .'iC. Ausschcidiingscliai'ramni bei bcdrohlichcm Diabetes. Infoigc von 
mangeJhaflcr Insulinwirkiing slarke Kclosraircnbildiing mit imgeniigcndcr 
Ammoniakatisschcidung. KnlNvicUung cincs prackomaloscn Zusinnds mit Er- 
brechen imd fast vollstandigcr Anurie. Abgcsebcn von einer kleinercn Ilarn- 
meiige am 2. VIIL morgens kam die Dluresc erst am Jforgen des 3. VIII. in 
Gang. Der Urin iialtc da cinen Jiolicn Animoniakgeliall, nber die /?-0.vyluitter- 
saiirc war durch die starke Insulinwirkung ■wahrend ,dcr Annrictage spnr- 

los verschwiindcn. 
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sich durch azidotische Nierenschadiguag eino „:idolfed,e 
amie. 

Begg fand beim Koma eine Stcigcrung dcs Hamsloffgchull^ 
des Blutes und zugleich eine verringerle Harnsloffausschct- 
dung, was auf eine Niereninsuffizienz liindculel. Mcl:gcr 
liram und Selge u. a. haben beim Koma anch hisloloqiscli 
iiachweisbare Nierenveranderungen beobaclUet. 

In schweren Fallen Iritt Anurie ein. Abb. 46 gihl Aussdici- 
dungsdiagramme von einem ISjahrigen Knaben mil scliwercm 
Diabetes wieder, bei dem sich ein amirisches Praekonia cnl- 
wickelte. 

Nur wenn in einem derarligcn Falle die Ammoniakhildung 
infolge der Insulinwirkung wieder zunimmt und die Kclonkor- 
perbildung aufhort, so dass der Ammoniak-/?-Oxybultcr.sriiirc- 
quotient steigt, kann die Nierenfunktion wieder in Gang kom- 
men. Da verschwinden Eiwdss und Zylinder im Ilarn. Wfili- 



47 Fall von bedrohjicliem Diabclcs. ''irUl ein prackomn- 

enbildung ohne in, Dlulc im Gc- 

r Zustand ein. Dabei verniebren Mcncc iinvcrandcrt ist. 

atz zu den Lympo- nnd W°"®^J:/Leukozytosc zuruck, nnch Magnus- 
verschwinden der KetonunejeMd.c l 


• Nichl vcroffunlliclit. 
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vend des Rcpavationsstadivims Irelcn dabei Leukozyleii in ge- 
steigcrlcr Mengc im Urinscdimcnl anf, nacbdein die Zylinder 
verschwunden sind. 

Sclion wahrend der Enlwicklung der Azidose steigt der Lcn- 
kozylengelialt des Blulcs. Dabei sind cs die Granulozyten, ■\vcl- 
clie in erster Linie zunehmen. Abbildung 47 zeigt die Granulo- 
zylcnvennehrung beim kelosaurenbildenden Diabetes -wahrend 
eincs Hungertages mil Praekoina sowie die enlsprecbende fi- 
Oxybuttersaure-Animoniakansschcidung. 

Es ist moglicli, dass die Peroxj'dasen der Leiikozylen (vgl. 



Abh. 4S. Ausscheidung von ^-OxybuUcrsuurc iind Ammoniab bei bedrob- 
lichcm Diabetes im Praekoma. Man bcaclite die kruflige transilorisebe Am- 
nioniakbildung bei sinkender ^-Oxybullcrsanrcausscboidung nach Yerab- 
lolgung cincr klcincren Insulindosis am 2. IX. abends. 
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163) die Rolle spielen konnen, die oxvdilivon P 
Organismus, namentlich im NierenmrL] ^ 
und damit eine erhohle Verbren^n^r 
anderen storenden Zwischenproduklen z« erleidder?'™ 
Nach Verschwinden der ^-Oxybuttersaureausscheidung d«rcl, 
nsulmwirkung macht sich im Reparationssladium ofl cine 

^mmoniaksfeigreranp deutlich benierkbar (v-l 
Abb. 48) . . ' " 


Die Reaktionsregulation des Blutes. 


Isl die sauren-basenregelnde Funktion der Nicren heral)ge- 
setzt Worden, so ist das lonengleichgewicht des Blutes geslort, 
Dabei werden erhohte Anforderungen an die cigene Wasscr- 
sloffionenregulationsfahigkeit des Blutes gestelll. 

Die normale Reaktion des Blutes entspricht einem pH-Wcrl 
von 7,3 — 7,6. Messungen an nicbt hamolysiertem Blut ergcbcn 
nur die Reaktion des Plasmas, etwa 7,4, unabhangig von den 
^' 0 ^handenen Blutkorperchen. Die Reaktion im Innern der 
Blutkorperchen ist normalerweise etwas saurer als im Plasma 
und entspricht einem pH-Wert von ungefahr 7,3. Es ist das 
t'erhaltnis zwiseben basisclien und sauren Valenzen, welches 
die Reaktion in den Blutkorperchen und im Plasma bestinnnl. 


TAB. 16. 


Kationcmcrtcllung in Plasma, Blutkorperchen und Muskclzellcii 
(nach Peler und van Slyke). 



— 

Natrium 

Kalium - • • 

Kalzium 

MaenPKivm 

Blulplasma 

Blutkorperchen 

iMuskcIzellen 


MilUiiqu. 

144 

4,9 

5,4 

1,7 

mg% 

37,9 

313 

0 

■4,8 

Milliiiqu. 

23,1 

112,2 

0 

5,5 

mg% 

79,9 

320,1 

7,5 

21,2 

1 

Insgesaml ) - 166 


140,8 


iO'.v» I 



Blulplasma, Blutkorperchcn unci Korpcrzellcn habcn cincn 
verschiedenen lonenbestand, iind das Verballnis K : Na wccb- 
selt in den einzelnen Organen. Die nebcnslebcnde Tab. 16 
macbl die Kalionenverfeilung in Plasma, Blutkorpcrcben und 
Miiskelzcllen ersiclillicb, einerseits in mg^ und anderersciis 
in Milliaquivalenlen pro Liler, in enlsprecbendcn Volumina ei- 
weissfreier wiissriger Losung angegeben. 

In dcr Norm variicrt der Gesamtbasengcbalt dcs Blulplasmas 
zwiscben 150 und 160 Milliaquivalenlen. 

Zur Aufrccbtcrballung dcs clcklrostaliscben Gleicbgcwicbls 
ist das Vorbandensein cincr den Kalioncn enlsprecbendcn An- 
ioncnmenge crforderlicb. Die normalc Vcrlcilung dcr saurcn 
Valcnzen dcs Blulplasmas isl folgende: 


(U 

. . 103 Milliiiquivaleulc 

HCO 

. . 28 » 

PO 4 

. . 2 » 

Protein 

, . 16 >. 

SOt + organisclic Siiurcn . . . 

, . 0 » 


insgcsaml 155 Milliiiquivnlcnlc 


Der Cblorgcball dcr rolen Blulkorpcrcben belriigl normaler- 
'veisc chva und dcr dcr Muskelzellcn ungcfabr Vs dcs Cblor- 
geballs dcs Blulplasmas. 

Damit die Rcaktion dcs Blulcs konslanl blcibe, miisscn same 
und basiscbe Valcnzen einander die Waage ballen. Das Begu- 
lalionssyslem, wclcbcs dabci in TiUigkcil isl, lassl sicb auf fol- 
gendc Fakloren zuruckfubren; 

1. Pufferwirkung des Hamoglobins und isobydrisebe Ivob- 
Icnsaurebindung; 

2. loncnauslauscb zwiscben Plasma, Blulkorpcrcben und 
Geweben ; 

3. Pufferwirkung des Bikarbonals; 

» Phosphats; 

=> » Plasmaciweisscs. 
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Die «atoio„st»gcMc Wirtang ^ 

Das Hamoglobin macht ca. 34 % des Zellvninn, ^ 

B^k a«s. Nebcn seine. FunlSr^:;?' 

imd Kohlensauretransporls bei der Respiration hat das Hiimn' ’ 

\ ° Sauren-Basenregnlation des Blutes eine ^vichti«e 

i u gabc zii erfullen. Die wirksamen Momente sind dabeici 
inal die Pufferwirkung des Hdmoglobins, sodann die Fahigkeil 
desselben zur isolnjdrischen Kohlensdurebindung. 

Das Hamoglobin ist ein amphoterer Eiweisskorper. Der iso. 
eleklriscbe Pnnkt des reduzierten Hamoglobins liegt bei pH = 
6,8, der des Oxybamoglobins bei pH = 6,65. Bei der normalen 
Reaklion der roten Blutkorperchen, welche pH 7,3— 7,4 ent- 
spricht, hat das . Hamoglobin daher saure Eigenschaften. Es 
kann infolgedessen basische Valenzen binden. 

Das vom Hamoglobin gebundene Alkali stellt den Hauplleil 
•der Alkalireservc des Blutes dar. Haufen sich saure Produkte 
im Blute an, so w^erden diese an Kationen gebunden, welche 
aus dem Hamoglobin freigemacht werden, Dadurch sinkt die 
Alkalireserve des Blutes. 

Nach V. Shjke, Hastings, Heidelberger und Neill ist das Hii- 
moglobin bei normaler Blutalkaleszenz eine polyvalente Pub 
fersubslanz mit mindestens fiinf gepufferten sauren Valenzep. 
Da Alkali an alle diese Valenzen gebunden ist, besitzt das Ha- 
moglobin eine selir starke Pufferwirkung. 

In den roten Blutkorperchen liberwiegen Kaliunuonen. Nach 
V. Shjke, Wu und ilfc Lean wind fast die Halfte der Kabum- 
menge an Hamoglobin gebunden. Der Rest der basiscben a- , 
lenzen wird hauptsacIiHch als Chloride und Bikarbonat « 

'’“"‘’dm roten Bh.lk6rpercl.en MWet 

zusland zwischen basiscben Valenzen an “ , 

moglobin, C1-- und HCO.-Ionen anf der 

Der Gleichge'svichtszustand schwankt mit dem r p 

"iialionskonstante des reduzierten Hd.opto5ins tsh 
jr. = 7,5 ‘ 10-®; pKnb = S’®®- 
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Diircli Saucrsloffbindmig Nvird das sdiwach dissoziierlc Ha- 
inoglobiii in Oxijhamoglobin unigewandcll. Die Dissozialions- 
Iconstanle desselbcn isl: 

^'OIUi ~ • P^OUb “ 

Das Ox3’bamoglobiu isl dabcr cine sUirkerc Siiurc als das 
roduzierle Hiiinoglobin nnd vcrdriingl somil nicbr Koblcn- 
saiirc ans dor Bikarbonalbindung als das Hiiinoglobin. Bci 
der Sauersloffanfnahmc dcs Hiimoglobins wird glcichzcitig an 
Bikarbonal gebundcnc Koblensruirc frei gcniacht. Wenn das 
Oxyhiiinoglobin wieder scinen Saucrsloff abgibl, wind das an 
Oxybiimoglobin gebundcnc Alkali frei und kann da von neuem 
Kolilensaiirc untcr Bildung von Bikarlional nufnclnnen. Der 
nonnalc resjiiratorische Gaswcchsel findcl ausscliliesslicli 
durch dicse isolujdrischc Kohlcmmtrcbimluug tlex Huinoglo- 
bim stall. Die Voraussclzung dafiir isl, dass beim t)borgang 
dcs Hiimoglobins in Oxyhiiinoglobin an Bikarbonal gebiiiule- 
ncs Alkali in geniigender Mcngc zur Verfiigung slclil. Fiir 
dtxcn imgcstorlcn rcspiratorisclicn Gaswcchsel ist cine hin- 
rcichcndc Alhalircscrvc crfordcrlich. 


Dn.s Pufi’crsyslom dcs Blutplnsinns 

Das Koblciulioxyd, welches bci Dekarboxylieriingsprozc.sscn 
ira Organisnuis cnlslehl, gehl in wiissriger Ddsiing diircli ciiicn 
Hydralisicrungsprozess Icilwcise in Kohlcnsiiurc uber. 

CO; + H;0 >• II.CO 3 

Durcb Dissozlalion der gcbildclcn KoblensiUire Ireten dann 
Bikarbonal- und Karbonalionen sowic Wassersloffionen aiif. 

ILCO; ^ H+ -i- HCO; > H+ -i- COJ- 

Dio Menge dcs gcloslen Koblcndioxyds biingl leils von dcin 
E-oslichkeilskoeffizienlcn dcs Koblcndioxj’ds und loils von dem 
Bruck desselbcn ab. Der LosliclikciLskocffizicnl bclriigl bci 
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COm nacli V. Slyke, Sendroy, Hastings und Neill furreinesWns- 
ser 0,545, fiir normales Plasma 0,510 (38°). Salze und Ehvoiss- 
korper im Plasma senken den Loslichkeilskoeffizicnl, die An- 
wesenheit von Lipoiden und Felt steigert dagegen die Losliclv 
keit des Kohlendioxyds im Plasma. Bei Lipamie kann dalicr 
die Loslichkeil des Kohlendioxyds im Plasma grosser werden 


a Is in reinem Wasser. 

Der tibergang des physikalisch gelosten Kohlendioxyds in 
KoMensaure nimmt eine gewisse Zeit in Ansprnch. Bcr Hjdn. 
tisicningsprozess wW beim biologischen Gnsn-echsel durcl, d» 

Blulkorpnrchen. Durch * ^ ® KoWendioxyd derms- 

die Hydratisierungszeit fur d g , „,isetanlltai 

sen reduziert, dass « 
und Gewebea dissomerbare K W 

Bei Anwesenhed von _ 8 gebunden. Ini 

wird die Kohleiisaure zu ^^oiilensauredruck normalcr- 

arierieiien B>ute entsp-h j 5-, 

xveise 35-45 mm Hg, im ven 

mm Hg niedriger. in der Norm chva 

. • rn Druck von 40 mi » niutc gcbu'i" 

Bei einem CU- u Bikarbonat nn Blut b 

43__56 Volumenprozent 2 ‘ ^ 

<,esetzmassige Beziehung. Hie 

Massenwirkung berec m 

Nachdiesem-t ^ 

■^02^03) 

WasserstomonenkonzentraUon .vird daher 

K • [H 2 OO 3 I 
• [H+] = 'IHCO 3 ] 
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Von clem Hikarbonal ist cin Tcil unclissoziiert, mul die ireien 
Bikarbonationen werclen von tier Dissozialionskonslanlc dcs Bilcar- 
bonats G bcstimml. Werclcn die Koiislanlen zu eincr gemcinsamcn 
Konslanlc vercinigl, wclchc dcr Dissoziationskonslante der Kolilen- 
siuire K’ enlsprichl, so erhfdt man 


^ . [H-COj] , ' 

[H 1 - K' [j^co‘]’ 

(HCOrl 

pH = pK* + log 

Mil steigendem COn-Dmek nimml dcr Kohlcnsiiurcgchall zii, 
und damil sinkl der pH-Wert. 

Die hier I'olgcndc Tabelle zeigl nach Hastings und Sendroif, 
in welcher I'orm das Kolilendioxyd ])ci wcchselndcm pll- 
Wert gebunden isl. 


TAB. 17. 


Betleutunn dor Wns8prstofnonenUon7.enln\tlon Hlr die Kohlensfinre- 
bindtuio (nacli Hastings and Seiuiroij). 


pH 

HjCO; 

O' 

/O 

HHCOa 

01 

/O 

lUCOa 

O' 

/O 

7.0 

11,0 

88,8 

0,1 r. 

7.4 

4,8 

94,8 

0,4 

7.8 

2.0 

97,0 

1,0 


Bei nornialer Blulplasmareaklion, welcbe einem pH-Werl 
von 7,4 entspriclit, isl initbiu der grosslc Teil der Koldensaure 
des Plasmas als Bikarbonal gebunden. 

Bei Anwesenbeit anderor Siiuren als Kohlensilui’e konnen 
diesc zu einem kleinen Teil durcb das Puffcrsyslem 

HXOj NallCOj ^NaXO, 

im Blulplasma oline Anderung der Reaklion des Blules gebun- 
den werden. Dabei wird CO; frei gcmachl, ■welches mil der 
Bespiralibnslufl abgebl, wobei der Bikarbonalgehalt dcs Blu- 
tes geringer wird. Durcb die Aussebeidung des Koblendioxyds 
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in der Respirationsluft wird Alkali verfugbar, welches andere 
Saiiren binden kann. 


pic Clilol'ionemvandcrung 

Schon die isohydriscbe Koblensaurebindung ist mil cincm 
loncnaustauscli zwischen Blulkorpercben und Plasma verkn- 

Da die Blulkorpercben von einer semipermeablen Membran 
iim«eben ^verden und sicli in einem eiweissballigen Medu™ 
bcfbiden, enlwickelt sicb zwisclien den monovalenlen om 
des Plasmas und der Blulkorpercben em Donnan-Gleicbge- 

1 rn fplnlt der Blulkorpercben beim respiralo- 
Wenn der COo-Gebalt derselbcn 

riscben Gas^Yecbsel zummmt, s ® ,U5, 

an l-ICOa'Ionen. Diese wandern ^ Cl-Ionen 

bilden. , , : die lilrierbave Alkali- 

Xmlz und i»"«.'>“'’;'ffcO.’durchdasBlutgelellcl''™- 

mcngc im Plasma as at. , 

dc. Glciclizeilig nahm dc » gesamle getaldele = , 

Bel normalor R":i:wtsi=ms des BMplas^as , 

isohydriscl, ohne Belaslu „ .. 

®t''"r'starkero Sauren als Diabeles, so 

silure bei ETkaX^tsyste^ 

;‘emm,sst und KOI— e a as* 

per bel der A""""” J^^Upercben stall, ^ ..s 
i,wiscben Ptasma wandern jer 

serve des Blu plasma, und m g Chloruber- 

aenBlulkorperche— ^ 

CMorgehall der Blulkorp ^„,gesch> 


schuss im Plasma w 
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Chlorgehall sleigt (Abb. 49 b). Aus dieserii Grunde kaiin dcr 
Chlorgelialt des Blutplasmas trotz der Chlorionemvandcrung 
I’elativ konslant sein. 




a 1) 

Abb. 4!?. Clilorgclwlt iu BliUkOrpcrcIicn und Pl!\Rma I)ci zwci Fftlloii von 
kclonkorperbildendcm Dinbclcs wShrend cincs llungcrlagcs obnc Insulin, 
a Chlorionemvandcrung bci ungeniigcndcr /J-OxybulVcrsfuirenussclicidung. 
b Gcslcigcrle Chlorniissclicidung in» Urin hei hcglnncndcr Chlorioncn- 
wandcrung. ' 


Die Chlorionemvandcrung wird daniif zii cincm fiir die Sau- 
ren-Basenregulation des Blules bcdenlnngsvollen Faklor. 


Die Alkalircscrvc 

Der Bikarbonalgehall des Blules bildel cinen klassstab fiir 
die verfiigbarc reaklionsrcgclnde Alkalimenge dcsselben, V. 
Shjkc lial daher den klinischen Begriff lAlkalirescrvet als 
Ansdruck fiir diesen Bikarljonalgchall eingefiibrt. 

Die Alkalireserve wird durch Mc.ssung derjenigen Mengc 
Kohlendioxyd bc-slimml, welchc das Blul bei eincm Druck 
von 40 imn Hg, der dein normalcu arlcricllen Kohlensaure- 
dnick cnlspricbt, zu binden vcrniag. Naclj Odin enlspriclil die 
Ivohlensiiurekapaziliit bei Gesnndejj 45—50 Vohnnenprozenl. 

Bei anaerober Enlnabme von Blulprobcn, wobei das Ent- 
weichen von Kohlendioxyd aus dem Blule verliinderl wird, 
asst sich nach Kirk die Alkalire.scrvc am einfaebsfen diii'ch 
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^akmim aus tlem Blutplasma frei wird „,^i, 

Utoman. DaM orhaU Ln ei..::; da^tX “1 'f 

Kohlcndioxyd, sodana das in Form voa ' 

lie Ersicrcs Iritt gegeniiber dem lelzlerem gaiiz mUck ”* 
malcnveisc scl.wankt naci, Kirk die frei gemaelrte 
saumnenge zwischen 50 und 75 Volumeaprotcal, rvovoa c. 
.) /f> aus freier Kohlensaure und der Rest aus als Bikarbonal 
gebundener, ca. 20 30 Millimol entsprechend, beslehen. 

Bei Anhaufung von Sauren .im Blute sinkt die bikarbonat- 
gcbundene Kolilensauremenge bei leichteren Graden von Azi- 
dose auf 35—50 Volumenprozent CO,, was 15—21 Millimol 
entsi)richt. Bei Azidose hoheren Grades nimmt der Kolilen- 
sauregehalt bis zu 20 — 35 Volumenprozent ab. 

Im Blutplasma ist neben dem Bikarbonatsystem noch das 
Plasmaeiweiss sowie in geringerem Grade aucb das Plasma- 
pliosphat als Puffer wirksam. Dazu kommt ferner die Milwir- 
kung der roten Blutkdrperclien und des Hamoglobins als bei 
der Rcaktionsregulierung des Blutes beteiligte Faktoren. 

Bei leichteren Graden von Azidose mit massiger Anhaufung 
von Sauren liegt eine kompensierte Azidose mit Hypobtpnk 
vor, die einem normalen pH-Wert im Blute bei jedoch ver- 
minderter Alkalireserve entspriclit. Gegeniiber der reaklions- 
slabilisierenden Wirkung des Hamoglobins und der Chlorio- 
nenwanderung tritt die Pufferwirkung des Blutplasmas bier 
zuriick. Bei weiterer Anhaufung von Sauren sinkt daher der 
pH- Wert des Blutes rasch. Es tritt eine dekompemierte oder 
echte Azidose ein, mit gesenktem pH- Wert und mit Hyper uj- 

clrie, und zwar infolge der erhohten Wasserstoffionenkonzen- 

Iration. • on 

Ist die Alkalireserve so stark gesunken, dass sie mir 2 - 

Volumenprozent gebundenen CO, bei einem Drue ^on 
Hg, Oder iveiiiger als 10 Millimol Bikarbonal, cnlspricbl, . 

droht ein azidotisches Koma. , 

Wenn dagegen der Alkaligelmit des Blutes 
tritt zunachst eine kompensierte Alkalose nu 


ein, Avelche einem 


normalen pH-Wert, aber mit crhohler 
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kalircsorvc, cnlsi)riclil. Sleigl dor Alknligchall noch 'wciler, so 
cnlwickell sich infolgc der vcrminderlcn Wassei'slollionenkon- 
zcntralion cine dekonipcnsieric Alkfilose mil Hj’poliydrie. Da- 
bei sleigl der pH-Werl des BIulcs. 

Bei normalem pH-Wcrl des Bliilcs mil uormalor Alkaliro- 
serve sprecheii wir von einer Eiikcipixic. 

Einc hochgradige Alkalose fiihrl zum klinischeii Bildc der 
Tetanic, einc hochgradige Azidose dagegen zum Kama. 

Bei Verilnderungcn des ]ilI-Werls des BIulcs cnlwickcln sich 
also 1‘olgende Zusliinde; 

Alkalose pIT 7,8 Telanic 

t 

7,5 (lekompensicrie odor oclilc Alkalose = Hj-polij’dric 

j Alkalose = Hyperkapaie 
Norm pH 7,-i Eukapuic. Kompcnsicrl*'! 

I Azidose = Hypokapnie 

7,3 (lekompensicrie oder eclilc Azidose — llyi)erliydrie 

'' 'i' 

Azidose pll 7,o Koma 


Der alvcolilre Kolilcnsinircdriiclc 

Der KohlcnsauregchaU des arlcriellen Blules hcfindel sich 
nacli Krogh im Gleichgcwichl mil dem der Alveolarlufl. 1st die 
Kohlensaurehindungsl'ahigkcil des BIulcs herahgcselzt, so 
iiinunl auch die Kohlensiiurcahgahc an die Alveolarhil'l ah. 
Bei fallender Alkalircserve sinkl daher auch der Kohlensaure- 
geliall der Alveolarlufl. 

Nach Haldane und Pricstleg enlspvichl die Bespiralionslufl, 
welchc man am Schluss einer forcierlen Exspiralion orhiill, der 
alveoliiren Lufl. Der KohlcnsauregchaU derselhen hcfindel 
sich in der Ruhe und nnlcr normalcn Verhallnisscn mil dem 
des arteriellcn Blules im Gleichgcwichl. 

Die Veranderungen des Kohlensauregchalls der Alveolarlufl 
lanlen linger ah als die Schwankungen des Kohlensauregchalls 
and der Alkalircserve des Blules. Der alvcoliirc Kohlensaure- 
ge.hall sinkl daher hei heginnender .Azidose lang.samer als die 


IS 
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]ltalireserve und steigt beim Verschwinden der \7iri 
l..ngsamer aJs der Bikarbdnatgeball des Elmt “ 

Bei Anliaufung organischer Sauren mil Vprm; a 
Ancalireserve imd Erschwcning des rcspiralorisclmfeswd'' 
sols komml es zu einer Reizung des Almangszcmtums rail ve^' 
slai Uer Respiration. Hierdiircli ivird der rcspiialorisclie Gsv 
N^eclisel his zu emem gewissen Grade erleiditert. Bei einer 
Azidose ist nicht nur der Kolilensauretransport diirch die un- 
geniigende Alkalireserve erschwert, sondern aucli die Sauer- 
sfoffjjindung des Hamoglobins, und dabei nimmt die OxylnV 
jnoglobinljildung bei sinkendem pH-Wert ab. Hendemn und 
Bock Iiaben gefunden, dass bei einem Sauerstoffdruck you 30 
lum Hg bei pH 7,64 73 % des Hamoglobins in OxyhiimogloWn 
umgewandelt werden, bei pH 7,24 aber nur 45 %. Einc Azidose 
stort daher bereits die Sauerstoffaufmlme des Hcimoglohim 
und erschwert dadurch die Oxydationsprozesse im Organhmus. 

Die Veranderung der Respiration tritt ein, wenn die Kohlen- 
siiurebindungsfahigkeit des Blutes 30 — 40 Volumenprozent CO. 
bei einem Druck von 40 ram Hg entspriebt. Nimmt die Hypo- 
kapnie zu, so entwickelt sich das Symptom der Knssmauhzhcn 
Atmung. 

Wenn die regulatorisclie Wirkung des Atraungsmeclianis- 
rails niclit liinger zur Kompensation des durch die Senkunc 
der Alkalireserve ersebwerten Gaswechsels ausreicht, beginn! 
der pH- Wert des Blutes zu sinken. 

Endres beobachlete bei einem alveolaren Kohlensauredrucl 
von 20 mm Hg einen pH-Wert des Blutes, der 7,21 entspr-ac i 
Bei einem Koma diabeticum betrug der pH- Wert des Bin 
6,95, bei entsprechendem Kohlensauredruck m er i < 
luft von nur 11,3 mm Hg. 

Straub fand bd dnem Fail von 
alveolaren Kolilensauredrnck von mnd 14 mm Hg, d 
sprechende pH- Wert des Blutes war 7,07. 

Elmer und Scheps baben empi- 

alveolaren Kohlensauredruck m mm ou 
rischen Faktor zu berechnen: 

Alkalireserve = 1,5 X alveolarer CO.-Druck 
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In ca. 70 °/o samtlicher Falle slimml diese empirische For- 
mel, in den iibrigen bestelit einc grossere oder geringere Diskre- 
panz. 

Die Beslimmung des Kohlensaiiregeballs dcr Alveolarlufl 
vcrmag daber Alkalireservebcslimmnngen nidil zn evselzen, 
isf aber fin- rasclic Oricnticrung wcrlvoll, wcnn es sich darum 
liaiidell, eine progredientc Azidose l)ei einem drohenden Koina 
zn verfolgen. Eine Voraussetzung ist naliirlicb, dass die Koii- 
lensaurebcslimmnng ^Yirklich in Alvcolarluft vorgenommen 
wird, -svclche sich mil dem aidcriellen Blule im Gleicligewichl 
befindel. Diese Sclnvierigkeil macht die Untcrsnchnng der Al- 
vcolarlufl iinsichcrcr als die dirckte Beslimmung dcr Alkali- 
reserve nach V. Shjkc. 
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Vin. ABSCHNITT 

Die Bedeutung des endogenen 
fiir die Analyse des dialietischen 
Zustands. 


Line Slorung im Zwiscliensloffwechsel mil Herabselzungoder 
V eriuiderung der Glykogenbildung kann zu einem Diabetes mcl- 
liliis liihren. Die Slorung kann durch einen Mangel an fiir der 
nonnalen Verlaiif der Prozesse erforderlichen Biokatalysalorer 
Oder durcli cine Verschiel)ung der neiirohormonalen Blulzuk 
kerregulalion von organischer oder funktioneller Naliir zuslan 
de konnnen. Man kann daher die diabetiscbe SloffNvecbselsU) 
rung gnindsiilzlich in zwei grosse Haiipfgruppen einfeilen (vgi 
S. 19S): 


1. Mangel diabetes, 

2. Regulationsdiabeles. 

Diese Diabetesforinen gehen ineinander iiber. Es Jwiulcl 
sick daher hicr nicht um ein klinisches Eintcilungspnnzi]) 
sondcrn lun einen gnmdlegenden Gesichtspunkf bci det Eror 
iening des Diabetesproblcms. 


Mangelcliabetes 

Bei biologisch iinziilangliclier Ernabrung fehlen m dci Kos 
akzessorische Bestandleile, welcbe in Form ^ ' 

einem nonnalen Stoffwechsel nofig sind. Bn M«ngelm.b 
den verschiedener Art kann es zu Sldrungen aim i n 
hydratumsalz konimen, wodurch ein bereits ‘ 

Jiefes versdilimmerl oder evil, ein Diabetes ansgelos m ■ 



muss iiuch mil dup Miigliclikeil rechnun, dass (ku' \ ilaiuiimm- 
sal/. iiu Zusummonhanf' mil dor allgcmeincn Sloirwochsclsld- 
rimg ])oim Dialjelcs I)ccinlriicliligl seiu kann, imd dass dius 
I'ine ungenugciide Vilamiinvirkiiiig im Organisnms zur k'olge 
hal. SUiriuigen im Phosphorylierungsprozcss kdnnen z. 15. 
wahrsclminlich aiich liinsichllicli dc*rjenig(’n liiokalalysalorun ‘ 
fiulrelcn, welclic zu iliror I'liiiklioil im Sloirwcdisel cine Mil- 
wirkimg von Phospliursaiuo ei-rordcrn. 


Vitaniinc iiiid Dialu'las 

Vildinin d 

Dcr I’msalz von \'ilamin A sclicinl I)t‘i guwisspn k’iillc'ii von 
Diabeles gcsldrl zu soin. R<dU land Ix'i Diahc'likern oinc Sli*i- 
gorimg des Karoliiigehalls im IJluI. Suinpr Ansichl nacli hiv 
ruhl dies aid' einer mangelliaf'len Faliigkeil dor Leber, Karolin 
in ViUvmin A umzivwandeln. 

Brazcr und (hirlis babcn durcb rnlersnclning der Adaplie- 
ning des Aitges an Dunkellicit beim Dialieles eine beraligcselzle 
A-Vilaminwirkung im Organismus konslalierl. Mnrn'l mul 
Milarbeiter I'anden jedocli bei direkler Ueslimmung des A-Vila- 
mingcballs im Blul lici 10 Diabelikern koine sicliere Senkung, 
Mold aber eincn crboblen Karolingoball des Serums. Die Ka- 
roliniimic beim Diaiieles Iierubl dabor wabrscbeinlicb niebl 
aid' einer mangelbal'len Umwandbing von Karolin in Vilamin 
A. Es isl moglicb, dass die tiewebe das im IMul vorbandene 
Vilamin A nicbl ansniilzen konnen; bieriilier isl indessen nicbls 
bekannl. 

Das Eingreil'en des Vilamin A in den iidermediiiron SloD'- 
Mcchselprozcss isl ganz unbekannl. elienso die Bedeuliing des- 
■sclhen Iieim Diabetes. \'ieiieicid biingl die l)eim Dialieles zii- 
Mcilcn vorkommeiidc Verminderung der Widerslandslaldgkeil 
gegen Infeklionen mil Slorungen des A-Vilaminiim.salzes im 
Organismus zusammen, aJier liieriiber isl nicbls Jiekannl. 

Vitamin B 

Dcr BA'ilaminkomiilex isl fiir den Aid'liau gewisser Al- 
numgsl'erinenlc im Organismus crl'orderlich. Nameidlicb sind 



iiydrierungs- und Dekarboxylierungsvorgangen in it'”] 
den Zollen ihrc Wirkung eidfallen, von der Anwestllt I' 
\ d^n,n B abhangig-(vgl. V. Abschnilt). B-Vitaniinmangcl 1 
^J^kl daher erne Verscblecbterung des KohlehydraUimsalzes 
*sowic aiich Slorungen in der Glykogenbildung (s. S. 50). 

Ini Gegensatz zu niederen Organismen kann der Meiiscli 
\ damm Bi wahrscbeinlicb nicht selbsl bilden. Durch die Svin- 
biose mil Bad. coli, wekhes Anenrin zu bilden imslandc isl, 
kann der Mensdi bci normaler Dannflora und -funklion die 
nohvendige B.i-Vitaminnienge erhalten, wenn die Nalinini; 
nicht genug davon enlhalt, Bei Slorungen der Darmfunklion 
kann die enlerogene Aneurinbildung abnelnnen, wobei sicli cin 
Mangelzusland enlwidceln kann, der eine Riickwirkiing auf 
den Koblehydratsloffwecbsel ausiibt. 

Das Aneurin muss, urn seine Wirkung enlfalien zu konnen, 
an Pyropbospliorsaurc gekoppelt sein (vgl. S. 173). UnlciWeibl 
dieser Phosphorjdieriingsprozess, so filllt die Wirkung des Vi- 
tamins Bi weg, auch ivenn dasselbe in reicblicher Mengc zu- 
gcfuhrl wil'd. Da beim Diabetes Slorungen in den Phosphory- 
lierungsvorgangen des Organismus auftreten konnen, isl cs 
mdglich, dass auch das Vitamin Bi liei dieser Krankheit niclil 
immer in Aiurksaine Cokarboxydase iiliergefuhrt wird; dadurcli 
kommt cs zu ciner lielrachtlichen Versebiebung ira normalcn 
Kohlehydralstoffwechsel, durch die der diabetischc Zusland 
Irolz des Vorhandenseins von Aneurin noch mehr verseWim- 
mert wird. 


Vitamin C 

Beim Skorbul nimml die Glykogenbildung in der Leber 
(s. S. 51). Bei G-Vilamiinmangel stellen sich infolge essen 
Slorungen iin: Kohlehydratstoffwechsel ein, welche zur 
und Glykosurie fiihren konnen. 

Beim Diabetes kommt nicht selten eine C-Hypovi amm 
Zusammenhang mit einer einseitigen, vitainmarmen os 
Wird da Askorbinsaure in reicblicher Menge zuge u , 
bessert sich auch der diabetische Zustand. Sdcler ing ^ 

lie u. a. haben mit Skorbut kombinierle Diabetesfa e i 
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Jjohandlung mil insulin. Bci der 

sondcrn SyiUhalin vcrordnel AvclchL P n 

!<onnte, da cr auf dasselbe nnl tmlv 

Iiisulinbchandlmm muss e dahcr nncb i "’ ’f 

)ncn warden. * ^^■iedcraufgenon,- 

Achuisrsi™ “frr,;';;:rr -'» - 

Ubci-loiluiigszeU (0,20 Sot), He , -2 so., si o. 

4,10 Mil]., weisse 8G00. SH 14-39. ttbrige Orfianc o 15 V, ”''' 
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Abb. 50. Ausscheidungsdiagramm bci kclosiiurcnliildcndcin Dialjclcs, (ler iidi 
nach ciner Kohlenoxydvcrgiftiing schldchcnd enhviekelle. 


Andere Vergifliingen konnen toxische Wirkungen vcriir- 
saclien, Avelche ihi’erseits einen Diabetes auslosen kiinneu. kin 
Beispiel liierfiir ist der folgende Fall von subakuler ZinLoct' 
gifhing; 

Fall 5. Karl iM., geb. 1910, Metallgicsser. 

Kcine erbliche Veranlagung fur Diabetes. Friibci’ gesniul. A'dratelc 
seif Mai 1936 mil Zinkguss. Halte bei diescr Arbeit wicdcrholl .ui- 
falle von sog. Giessfieber in der Nacht. Die Anfiillc bcganncii ^ 
^volinlich abends mil tlbelkeit, Erbi'echen and leicblcr 
:tcigerung bis 38^. Sie trnlen nach ein- bis xweitagiger l^csc la 
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mil Zinkijuss iiuf, wolx'i Pnl. die DAinpfi' dcs f^osrliniolzriien Midalls 
ci IK! Illicit'. Niu'lil.s .Soliiillclfrosl mid Icidilc ]vr;ii)i|)f(', wciclie iiiicli 
clwa ciiicr Stiindc auflidrlcn. Am naclislcu 'I’ai^c ffilillc sich Pat. cl- 
was matt und lilt gcwdlmlich an Iciclilcn Kopfschmerzcn, war al'cr 
.son.sl nninliT iind arlH'ilsrrdiif*. 13'u' Miidi^'kcit nalini jcdocli nach 
jcdciii .Viifall von (iiossfielicr zii. lindc .Miirz Jll.'iV kalarrliali.schc In- 
fektion mil TcmpcrahirslciKenm}' aiif .‘kS,7 ’, die iiach einiKen Taf^en 
aliklana, worauf I’al. seine .\rl)eil mil Zinkguss wiederaufnahm. Nach 
weileren 1 Tatlen ein nencr .\nfall von (’liessfielier. Am naehslen 
I'aftc .selzle f^aiiz pldlzlieh ein slarkcs Diirslf'cffdil ein (Pal. trank ca. 
0 Liter in 21 .Stimden), feiaier .tuckeii an den I'ussen. Naeh einem 
weiteren Tai^e wurde Uiaheles konslalicrl, dreiwdeliif'e Krankenhaus- 
hehandlim}'. I’ell-tiemiisekosl mil 7.') f? lii-ot oline Insulin. Im Xovem- 
ber llKi7 leichle Sehsloruiif^en. 

Hei der lieoliaelilim'' 2. III. — 17. 111. llKiS laji ein stark saureiiildendcr 
Diabetes sowie cine lieftinnende Kataraklbildnn.i^ voi-. 
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Das Ausscheidungsdiagramm bei diescm-Fall isl in Abb. 51 wicdcr- 
gegebcn. Es zeigt das Yersclnvindcn dcr Kelomiric nach dcr Ycr- 
ebrcicluing Yon Insulin. 

Ober (lie Bedeulung der Zinkionen fur den Zwiscbcnsloff- 
wechsel vgl, S. 123 u. 127. 

Ein lypischer Diabeles auslosender YergifUmgszusland isl die 
Phloridzinvergi flung. Hier isl der Phospliorylicrungsprozcss' 
in' dcr Niere gestort, wobei die norinale Rilckresorplion dcr Gly- 
kosc in den Nierenkanalcben verbindcii \s’ird. Es enlslebl da 

ein Diabeles vom renalen Typus. . . . ^ t 

Bei Lcbcrschadigungcn mil inaiigclhalicr FimWioii acs Lc- 
bc. pavenol.yms and Slor..ngen dev Glykoge..bM..ng e..l,v,ckcll 




sich nichl scKen ein Diabcles. Diescr isl dalicr bci Erkraii- 
kungcn dcr Gallenwcgc oder aiidcrcu Lcljcraffeklionen iiichls 
Ungewdhnlichcs. Der folgcndc Fall slclll cin Bcispicl fiir Dia- 
l)cles bei eincr hocligradigcn Lcbcrzirrliosc voin Ilanolschcu 
Typus dar: 

Fall C). Nallianael C., geb. 1883. 

liin Bviulcr leiilcl an Uiabclcs. Iin I’rfibjahr W3(j zunchincinlcv 
Durst iiiicl Miidigkeil. Der Dial)clcs AViirdc iin Juni 1936 konslaticrl. 
Pat. luclt cine sclir strengc Dial, nahni in cincni Jahrc 35 kg ab, 
ffdiltc sich abcr bis Juni 1937 zicnilicli ^Yohl. Da raschc Ycrschliin- 
nierung niit zunebmendein Sdiwachcgcluhl and gcstcigerlcm Durst. 

Bei dcr Bcobachtung ini August 1937 crlicblichc Lcbcrvcrgrosserung, 
abcr kcin nacbwcisbarcr Aszilcs. Kcin Iktcrus. Allgcincinzusland 
ganz clcnd, Pat. ist liocbgradig abgcniagerl. llcrz o. B. Dcr Diabctcs- 
lyjnis gclit aus dctn ncbciistclicndcn Diagrainni Abb. 52 liervor. 

Die Insiilinbcbandlung wurde cnigclcilcl, wobci die Azidose rasch 
authortc. Die Zuckcrausschcidung, iiahin nach Einleitung dcr Insu- 
linbebandhing Yorubergehend zn, vcrscliYYand spatcr. Der Zustand 
Ycrschlimincrle sich trolz dc.sscn ununtcrbrochcn, and Pal. verslarl) 
nach cinigen Tagcn in cincni konialosen Zastand. Bei der Aalopsic 
fund man cine hochgradige Lclicrzirrhosc mil starker bindcgewcbigcr 
Umwandlung and mir gcringffigigen Bcslen von Leberparcncliym. 


Iiriiii()clzas(aii(lc iiiit innvrcn UrsaeUen 

Bei orgaiiischcn Scliadiguiigen honnonproduzierender Zcll- 
syslcme kann cin Mangel an cinoin zur nornialen Kohleliydral- 
umsclzung nolwendigen Hormon cnlslchcn. Ein soldier Man- 
gel kann aiich dnreh fnnklionellc Sloningen zuslandc komnicn. 
Ein Regulalionsdiabelcs kann dcmnacli bei scliwcrcrcn For- 
mcn in cinen endogenen Mangeldiabelcs ubergeben. Von spe- 
zieller Bedeulung fiir den KohlchydralsioffAvccbsel isl bicrlici 
dcr Mangel an Insulin, ■wclcher zur Enlslehnng cines Diabcles 
fiilirl. Weil die Insnlinproduklion nnler nervbscn Kontrollc 
-seilcns dcs Vagus und Sympalhicussyslcms slehl (vgl. S. 197), 
kann cine Yeriindcrlc Horinonproduklion dnrcli abnorme Reiz- 
impulsc zuslande kommen, weldie die Hormon erzeugenden 
Organe erreiclien. Einc mangelnde Insulinbildung kann aucli 
dnreh eine Alrophie des Driisengewebes infolge von iingenii- 
gender adenolropcr Hormomvirkung enlslcbcn. 
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Zu den endogenen Mangc]zusl-i,ul,.n b. 

^ulanglichc Sauerslol^zufuhr 7 u den 
<lurch Yeraiiderung des iuiersiofn 

'•■>d Gewebon bei Schadig„„ge„ 

■ccbnen. Durch den Sanersloftaangol crlbl.d ri 7?'"!' 
Jung der biologischen A,„u,„g,„„uno,.e„ „d, s;::„ l;:’;; ; 
Kohlehydra umsalzes in don lobcnden Zcllen. m,, Cm 
: enlslehen, und zwar aiif dieselbo Weise, wi, 

)cn Schadigung der sauerslomiberiragcnden Fenucnlsv.sienu.. 

Bei \ ersagen der Herzkrafl mil daniederlicgeiulor (ilyko-m. 
bilduug in der Herzniuskulalur kann die Blulzackersldgerm.;- 
den Ernahrungszustand des Herzens his zu einem jjewissrn 
Grade verbessern. Die Hyperglykiimie kann da als eine Sclml/. 
niassnahme des Organisnius gegcn die Herzscliwiiclu' l»i>lr;icli. 
tel werden — eine nalurliche Glykosclbcra])ic I’iir tlni -jc. 
schwachlen Herzmuskel. Eine scbemalhche Duibclcsklmd- 
huig, ohne Riicksicht auf den Zustand den Herzrm^ Imn ihi 
:ii einer hetruchtlichcn Verscldimmeriing des Gcs<tiui:tisUtwh 
ffilu'en. Der folgende Fall isl ein Bcispiel InerlTir: 

Fcdl 7. Anders J., geb. 1877. 

K'cinc erbliche Veranlagung fur Diabetes. Der Diubek's wiinlr 
1923 bei Gelcgenhcit cincr Operation \vegcn gangranoscr .tjiiieiuii/ili'' 
konslatierl. Pat. hicll in den folgendcn .lahren cine niassigc Dial uivt 
nainn 10 kg ab (von 96 auf 86 kg). ^Yar die gauze Zeil miink'r. 
keine Herzbesebwerden, doch zciUveisc leicblcs Diu'slgcftilil. liii 
Februar 1936 etwas ' Herzbeschwerden, zunehmende .Mudigkcil. 
schlechlercr Appetil und zuweilcn Obelkeil. Pat. konsullicrie emrii 
Arzt, welcher einen Hcrzfchler fcststelltc und Digitalis \irnn mU. 
Nach einigen Tagen begann Frbrcdien, Avclchcs 
zuriickgefiihrl wurde. Es vvurdc cine cncrgische Iiisii m )f 'an i ^ 
eingeleitet (3nial tagl. 48 I. E.). 

In unmittelbarem Anschluss an die 
schlimmerung dps Zuslandes mil ziinchmcndcn 
an den Beinen, prakordialcn .Scbnierzen und^ lemiio . 
infolge der Atembcschwerdcn schlccbl liegen. Die Insu n 
nach und nach auf 2mal tagl. 32 1. E. herabgeselzl. 

Am 2. III. 1936 wies Pal. crhcblichc ' I 

cine hochgradige Becinlrachtigung des ••^’•tfcnieinzus an s ■ 
dem Herzvergrosserung und ein .schAvaches ri)cr!fili»'"’’ 

Keine Arrhvlhmie. Da.s Ekg ergab Linksliyperlroiilne, 



zcil normal, S-'l’ in Ablcilung 1 und 2' anisoelcklrisch, sinkcnd, Ts 
negativ. Bluldruck 170/70. 

Wahrend dcr nachslcn Tage \vurdc die Insulindosis Schritt fiir 
Schrilt Ycrminderl, nnd am 9. III. Avurde das Insulin ganz ausgesctzt. 
Im Zusammcnhang mil der Insulinvcrminderung sichtliche Bcs- 
scrung dcs Allgcmcinzustands, das Korpcrgcwiclit sank in 9 Tagcn 
von 76,9 aul 69, i kg, und gleichzeitig vcrschwanden die Odeme. 
Dyspnoe und HerzbescliAverden Iiorlen auf. Nachdem sich gezeigt 
lialtc, dass Pat. Digitalis nichl vcrtnig, Avelches Dbelkeit und Er- 
brcchen licrvorrief, wurdc dassclbc durch Coramin ersetzt, wobei 
die ?ilagenbesch\Yerden Ycrschwanden und auch die HerzYergrosse- 
umg zuriickging. 

Das Insulin AYar in diesem Fallc ganz cnlbohrlich, ohne dass die 
Zuckcrausschcidung nennensAvert slieg (s. Abb. 5.3). 

Wahrend dcr ganzen BcobachUmgszcil kcinc Kclonuric. Am 16. III. 
36 AYarcn alle Odeme YcrschAYuiiden und Pat. subjektiY fast vollig 
bcschAYerdefrci. Er konnle nach cinigen Aveileren Wochen seine Ar- 
beit Aviederaufnehmen. Im NoYcmber d. .1. you neueni Verschlimme- 
rung mil Schmerzen in dcr rechten Schuller, llerzbeschAYcrdcn, Ab- 
magerung und Azidosc. An dicsom Zeilpunkl AYiirde cin Ca. coli 
mil Skelcllmclastascn konslaticrl. Pa. Ycrslarb im folgcndcn Hcrbsl 
an Karzinom. 



.Abh. 53. Ausscheidung-sdiagramni bci Diabetes' ohne Kclonuric, honibiniert mit 
llcrzfchler. Ilcrzinkompcnsalion im Anschluss an Insulinbchandlung. KB. 
Kcinc Ziinahnie der Zuckerdiurese Iroiz Ansselzcns dcs Insulins! 


. Liegt ffleichzeilig mit einem Diabcta; ein Mangelzmicnul vor, 
datm isl die Beseiligiing de.3 leizleren cin iinbedmgtc.<i Erfor- 
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'verden. Es isf ^cM ‘t, “S® " 

Kegtoe die r stCif::';::: 

flussen wenn sich auch die Znckcrdmrese durcl^eslrM"; 
Massnahmen herabdriicken lassl. 1st die primiirc Diakclcsiir 
sache dagegen nicht eine iingenugende Insulinwirkung, sondorn 
irgendem anderer Mangeizusland oder evtl. eine RcgulalionssUi. 
lung, welche die endogene Insulinproduktion nicht hceinltiiclt- 
tigt, dann wird die Insulinbehandlung irrationeil, mH sie l)leil)l 
da auch mehr oder weniger wirknngslos (vgl. Fall 27 S. 335) 
Die Wirkung des Insulins in bezug aiif die Znckeraiissclici 
dung scliwankt dementsprechend bei den einzelnen Dial)elcs 
fallen. Eine bestimmte Beziebung zwischen der Menge dcs zii 
gefiihrten Insulins und der Wirkung desselben auf Blutzuckcr 
spiegei und Zuckerdiurese von Fall zn Fall gibt cs daher niclil, 
sofern es sicb niclit imi einen reinen Insnlinmangeldiabelps 
handelt. 


Regulationsdiabetes 

Unler normal en Veriiiiltnissen variiert der Blutzuckerspicgel 
nur unerheblich und libersteigt aucb bei Nahningshelasiaug 
selien 0,20 fo. Wenn man die Blutmasse auf 1% Ihercchnet, 
betriigt die Gesamtmenge der zirkulierenden Glykose beim 
Menschen maximal 15 g. Unter der Voraasselzung, da_ss dicliio- 
logische Nierenpermeabiliial (vgl. S, 183) veranto k . 
wfrd normalerweise die ganze .zirkalierende G'jk® ™ J'"; 
per zuriickgehalten und kann sich am normaleii M 1 

sloffwechsel beteiligen. _ xT-rsmnnprmeahililai 

Bei veranderter, erbobter, biologiscber i 

kann scbon eine verballnismasdg vcrur- 

steigerung einen Verlust von normalcn 

sachen, oder ein solcbe'r kann s » 

Blutzuckergebalt eintreten. Dabei bandelt es sich 

Diabetes vom renalen Ty pus . . 

Da die biologiscbe Permeabibfat der ^ s. 

renden Faktor bei der Blutzuckerregulation da 
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1S5), isl die reiudo Diabclesfonn, mil fieseiikler Nierenselnvellc, 
cine Form dos He{,'id.'ilioii.sdi;d)cle.s. Al);,'e,s(>l)eij von dem Zuckcr- 
vcrliisl, Avelcher in .sclnvereren I'iilleii zn .sckninkircn Kompli- 
kalionen, KnhIeIlyd^alvor.')rmnn;^ mui .daniedoriief,'cnder (ily- 
koj^eni.ilduni', zn (liliren verma}*, kaim der Zwisclicnsloff- 
weclisol im iil.rijjen relaliv jin^'eslort sein. 

Da die rliyllimisolie {ilykogenhildinii’ der Leber mil eini'r 
'rcndcnz. zn i.eriodisclien IJIulznekerflnklnalimien aneb im 
Hunger einliergebl (vgl. III. .\bsclmill), der Hlulzuekerspiegel 
in der Norm ai.er verbiillnismassig konslanl isl nnd sugar bei 
Nalinmg.sznfulir nur gi'ringtr alimenlare Sleigernngen anfweisl, 
die 0 ,2*' ''.‘r niebi iil.ersleigon, muss <ler luairobormonale Ilegu- 
lalionsmeobanismus zeilweise eiuer slarkeren lU-ansjuiiebung 
ausgeselzl sein, weuu die Ululz.uekerkurve gleiebmassig verlau- 
I'en soli, bis liesleiil daber normalcrwa-i*'.; ein nrtirnhnnnmtdhT 
fihtiiliintis, <Ier mil dcT periodiselien filykogeiibilduug inler- 
ferierl und die Wirkungeii der weebseluden Koblebydralaffi- 
uilfil der I.elu’r wjHirend der viTsebii'denim Pliasen tier 'ITilig* 
keil dieses Orgaiis aiiszugleieben Ix'slrel.f isl. 


f/tvr:htrr:r: 3 ’f Ttntdt 



lHiihtirl.rrfirhdll iIukIi Witl.un;; 

Wi rhvcliiili- llrla'.tiiiu; nnttu- 
/loran'iiiifrji i!f<jutdt!on'.tttrcltiiiiif 
win. 



Ltlerpfritc/f 



• 


nitit:iirJ:ctficliiilt, von iler ICotili*- 
li\ilt.Ti.'itiinitali!rrI.vlicrli(''tiinnil, 


Kohkh\iilraUtffm\fiil , mil lU-r Jn- 
lrll-.il.it (let (ilvl.iijs-nliililuiu; woli- 
mill vrr.rlili-ilriirr l.rln-rfiin).- 
(ii'n\iilKi'.i'n \vrcli',('lni|. 


l.rhrruljil.ofii'iuirhiill, mil itrr |i('- 
rioili'-rlun I.iln-rfunl.lion Mcrli- 
M'linl. 


MiK .Sriirtnalbriii" D.TrsIrlhmf; ilrr j.rrioili'clicn (ilykoitniliililmn; lUr 
I.f'lirr, (Irr ICiilitrhvilmlnfliniiril ilrr.vrlbni so%vir drs iiiliTli-rii'icnilcn iiniio- 
hormonalrn Hcgulntlonsrliyilmm-i. 
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Man kann das so ausdriicken, dass die AffiniUHskurve dor 
crslen Ableitimg der Glykogenbildungskurve enlspridil. Dies 
isl schemalisch in der vorslehenden Airbiidung dargeslelll. 

Trill cine funklionelle Phasenverschiebung zwiscben dor 
nonrohormonalen Regulalionsperiode und der periodischcn 
Glykogenproduktion ein, so bleibt der Blutznckergehall niclil 
liinger innerbalb normaler Grenzen konslanl. Es komml da zu 
einem Diabetes mil abnormen Blulzuckersleigerungen bzw. 
Blulzuckerfall. 


Ein derarliger Diabeles ist der Ansdruck einer fimklioncllcn 
nhiithmiisstorumj. Sofern es sicb nicbl nm eine dauernde Ver- 
iinderung im Zwiscbensloffwecbsel oder urn eine irreparaldc 
Scbadinmg des neurobormonalen Begulalionsmeclianisiuus 
Ivandell, verscbwindet dieser Diabeles, wenn die Inlcrfcrenz 
der beiden Perioden wieder regetrecbl wird. 

Ein transHorischer Diabetes dieser Art bedeutel daher imli 
nolNvendi-erNveise eine eigenllicbe Stbrung nn intenncd.aren 

zuckerregulation. T,p,,.uckerreaulalion isl ein Glcicbgo- 

sleigernden Fakloren erforderbcb (A1 . 



Normoglykomie 


C 



Jnsulinmangtl 



fldrenaliniitirschuss 


Hyperglykomie 


Abb. 


55. Schomalische Darslellung des 


ZuslMiikk™""'” 
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Dcr Blulzuckcrspiegcl slcigl sowohl l)ci Hypofuaklioii ties 
lihUzuckersonkenden ^Yic bci Hypcrfunklion ties Idulzucker- 
sleigernden Regulalionsincchanisimis. In hcidcn Fallen eni- 
slehl cin Diabcles. Bervd\l dicscr Diabcles auf ciuem funk- 
lionellen Insulinmangel, so isl die biologische Vorausselzung 
lib' die Sloffwccbselsldrung chie ganz andere, als wcnn 
tier diabcliscbc Znsland dnrcb cine I'unklionelle Mebrlcistung 
des Idulznckersteigcrnden syinjialbico-adrcnalen Syslcms be- 
tbngl isl. 


Krilcvien inaiu(clhaf<(‘r Insuliinvirkunrj 

Da das Insulin einen Ilauplfaklor in dem bhdzuckerscnken- 
don Bcgulalionssyslcin biUlel, isl die gonatie Ivcnnlnis der kli- 
niseben Ansfallscrschcinungen bei abgeschwachlcr InsulinNvir- 
kung im Organisinus oinc nolwendige Vorausselzung fiir die 
licblige BcurlciUing eines diabcliscben Znslands. Diese Ans- 
fallssymplome lasscn sich verfolgcn. wonn die Insubndo.sis bci 
oinem insulinl)cdurnigcn Diabcliker Scbrill I'iir Scbrill beral)- 
gcsolzl wird. Daljci zeigl cs sicb, dass die Wirknng des Insn- 



Ahh. .W. I5ci gloiehbloihi'iulcr Kosl aber fallotuk-n Insnlinnipiificn isl die 
/uckcnliiircsc rclativ konslanl; hingogni niininl die Kelomiric zu. 

ID 
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I'iafae^sf (s'^AhT 50)"'* "'" 

;.sr “.".rss “s:: •■ “•• 

nndosis vermindert wird 


auch wcnn die In 


Tr__i 1 ■, ' ^^olilebYdrjdiiioii''(' 

>ost komlani, dann Meibl auch die Z„ckmiu,t«e l.ri s 
'tr Insulmvermmderung ziemlich unvcramlerl 
Im Gegensatz hierzu steigt bei abnehmender Insulinmen-v 
die Ausscheidung von Kelohkorpern, speziell von /i-OxvliiUKr. 
saure, mit dem Urin sehr stark imd kaiin im Hunger oluic In- 
suHri maximale Werte erreichen, wobei gleicbzcilig die Zuckir- 
ausscheidung verschwindet. Die /?-Oxybutlcrsaurc liissi dnl.ci 
oft eine deutlich 24stundenperiodische Ausscheidung crkciiiifo 
Werden Kohlehydrate zugefiihrl, so nimml in dor Hcgc! di,. 
Ketonkorperausscheidung mit sleigendcr Zuckcrdiurcsc iimi 
Blutzuckergehalt ab. 

Bei mangelnder Kohlehydratzufubr kann milhin hob ir- 
lieblichen Insulindefizits die Zuckerausscheidung versclnvin- 
den und der Blutzuckerspiegel normale oder sogar siilinornidt’ 
Werte aufweisen. Blutzuckergehalt imd Znckmliiirrsc ml 
claher kern Indikator fur unzuldngliche InsuUnwirkuwj. Dm- 
gegeniiber ist die /3-Oxybultersaureausscheidimg und Kclommie 
bei Kohlehydratentziehung ein sichereres Zeichen von Insulin- 
mangel im Organismus. 

Im Einklang mit der im VI. Abschnitl gegebenen Darsldlnne 
hat man grundsatzlich die beiden regulatorischen Sjslenic /n 
herucksichtigen, deren kombinierle Wirkung die nounnkn 
, Fiuktuationen des Blutzuckergehalls bedingl. Das :crclwl- 
hypophysdre System besorgt im wesenllichen die basolc Hhi 
zuckerregulation, im Hunger allein, bei Nabrungszufuiir t;* • 
meinsam mit dem duodena- pankreaiischen System, wclcl.n 
letztere bei der alimentdren Blutzuckerregulation nuhurU 
Diese Regulationssysteme greifen ineinander, und ‘ ^ ‘ 

MoUriitifTshelaslunS die basalc Bcgtilalion 


M!. 


in dvr 


nn;j(- 


muss auch bei Nahrungsbelaslung . . i .. 

slort verlaufen. Es konnen jedoch unabliangig ^ - 

Storungen vorwiegend in dem cinen 


Oder andcren .Sysleni aid- 


treten. 
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Stoningen in ilcr hasalcn BlulznckeiTcc/iilation 

Die Blulzuckerregulalion des Gnindumsaizes findel durch 
das zerebral-hypophj’siire Syslem slall. Chraklerisliscli fiir 
cine Slorung im basalen Regulalionssyslein ist das Hervorlrc- 
len abnormer Sloffwecbselprodiikie aiich bei Nabrungsbe- 
schrankung iind ini Hunger. Mit sinkendem Blulzuckergchalt 
rnacht sich dabei in ersfer Linie die Kelonkorperbildung be- 
inerkbar, eiii Zeichen der Veninderung iin nornialen Felt- und 
Lipoidsioffwecbsel. Sleigl der Bhiiznckerspiegel bei reiclilicbo- 
rer Nabrungsznfnbr, so kann der Lipoiduinsalz liesser und die 
Kelonkorperbildung geringer werden, ivobei zugleich die Zuk- 
kerdiurese zunimmt. Ein Diabetes von diesem Typus ivird im 
folgendcn als Diabetes voin Typus A oder A-Diabetes bezeich- 
net. 

Slorungen iin zerebral-bypophysaren Regulationssj’stem kdn- 
nen entslehen durch abnorme, von den Stoffwecbsel rcgclndcn 
Zenlron im Gchirn ausgehende Reizimpulse. Audi durch Ver- 
anderungen der Hypophysenfunktion oder durch regchvidrigc 
Hormonproduktion in denjenigen cndokrincn Driisen, welchc 
unler dem Einfluss der Hypophyse und des Zwischcnhiriis 
stehen, konneu Slorungen zuslande kommen. Dabei kann aucli 
infolge von Ausfall von Hornionwirkungcn, ivelchc in den 
Kohlehydratsloffivechsel eingreifen, ein cndogciier Mangel dia- 
betes entslehen. 

Liegt eine zenlralc nervose Slorung von funklioneller Art 
vor, so konnen auch andere vegetative Funklionen in Millei- 
donschafl gezogcn werden. Dcr diabelische Zustand kann da 
als ein Teilsyniploni einer vegctativen Ncurose aufzufassen 
sein. Bei eineni derarligen Regulalionsdiabeles konnen Bhil- 
zuckersleigerung und Zuckerdiurese auf cincni Rcizzusland ini 
sympalhico-adrcnalen Syslem bcruhen. 

Diesem Diabetes liegt keinc ungeniigende Insulinwirkung 
ziigninde, und er ist infolgedessen oft insulinrcsislenl. Die Ri- 
siilinbehandlung kann dabei cine Vcrschlimmerung des Zu- 
slands verursachen, da die Insulinzufuhr die Sachlagc noch 
mehr kompliziercn und cine regulalorische Gogcnrcaklion in 



278 


“,sB™ ‘"'"'“'■vescBlh™ lU,.„l;,li„„.y., 

Pn- AT glandolropen Hormons dor llvtu..,!,. 

B . Mangol a„ insulolropem Vorderlappaa,:,;!!, 

Inrv T-la" *"‘"'3“>wnssclicn Zdlinscin ,„i| 

B sulmbUdung ein, Dahel cnUvickcU .ich oi„ 

Diabetes voni Insulinmangeltypiis. 

Die hypophysare Stoning kann setlislvcrstandticli uulir.r, 
glandolrope Hormone belreffen, Avodurch koniplizierle ^Vr- 
baltnisse gescbaffen Averdcn. Man kann da allerliaiul Konil.i. 
nationen begegnen, z. B. mit Hyperthyreosen, Myxiidem. iVi!. 
sncht, Stoning der Sexualfiinklionen. Akromcgalie. hvpt)|)))y. 
siirem ZAvergAvuchs iisav., Avelcbc als Parallclcrsclieiiiiin^di 
einen bestehenden bypophysaren Diabetes koinplizicrcn. 


Der Zustand kann dadurcb nocb YciAvickcller Avcrdcn, (i;o^ 
eine von basalen Zentren ansgehende nervdse Stoning dir i’r. 
sache der veranderlen Hypophyscnl'iinktion scin kanii. Bn 
Reizzustand oder eine Schadigung in die Fiinklion dn 
physe regulierenden Zentren liegt da Ictztcn lindes deni di.ilf- 
tischen Zustand ziigrunde. Durch von iiliergeordnclen Geliirn- 
zentren ausgehende reflektoriscJie Impulse konnon aticli dii' 
stoffAvechselregelnden Zentren beeinfliissl Averdcn, wmlnnh 
sich die StoffAvechsellage aiich iinter der EiiiAvirkiing psyrlii- 
sober Faktoren iindern kann. Ein hypopbysiircr Dialieles I-ir. 
tet daher nicht selten ein kliniscb selir Avecliscliules bild. 


Stonnif/en in der alimentaren Blutzuelccrrooiilnlion 

Das duodaio-pankrenlische Bcgulalionssyslem l,:.l ^ 
sftcWich fur die Regutalion des Blel^.-kcrgeh; is « ; 

rungszufuhr sorgo, Liegl eioc SlOr.mg ,.„r <1 

guintionssystem vor. ohne ,,rin,iire 'R"""' ^ 

Bofftveehsel, so kann die Kohlel.ydn,'vorl.rc,m,,^,^,^«^ ^ 
Oder bei bescl.riinkler Nahru„gsn,l„l.r I 

Dies .eigl sich u. a. in den. Fel.Icn dc ^ -i" 

bei kurzdaiierndcr Nalirung-scnlzieliung. ^ei. 
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Zuckei’ausscheidung und normalen, moglicherweise leiclil er- 
hohten oder subnormalen Blulziickerwerten. 

Wil’d in dicsem Fallc Nahrung in rciclilichercr Menge ziige- 
luhrt, namenilich Kohleliydrale, welche leicht in Glykose iibev- 
geben, so trill dagegen eine abnormc alimenlare Blulziickcr- 
sleigerung ein. Der Bhitzuckerspiegel sleigl dabei auf so hobc 
Welle, dass die Nieren die Glykose nicbl zAiruckzubalten vev- 
inogen. Es enlslcbt ein Diabetes mil Glj’kosurie, aber obne 
Kelonkorperausscheidiing. Dieser Diabelesiypus wird im I'ol- 
genden als Diabetes vom Typiis B oder B-Diabeles liezeicbnet. 
Infolge des Zuckerverlusles konnen die Koblebydralc der Nali- 
riing nicht in cntsprecliendem Grade ansgeniltzl werden wie 
die Fcite, welche bei der Verdannng keinc Glykose licfern und 
infolgcdesscn auch den Blulzuckergehall nichl in demselben 
Masse sleigern. 

In schwereren Fiillcn wird der Kohlehydralverlust des Or- 
ganisnnis so gross, dass die Glykogenliildung darunler leidet. 
Da muss das Fell im grdsscrem Umfang in den Diensl des encr- 
gelischen Sloffwecbsels Ireten und aus diesem Grundc in 
Kohleliydrat umgewandelt werden. Kommt es liierbei zu Slfi- 
rungen auch in der normalen Umselzung der Fellsimren, so 
werden Kelosauren gebildet, die in sclnveren Fallen das Bild 
ciiies bedrohlichen Diabetes entstehen lasscn konnen. Da isl 
es nicliL indglich', zu enlschciden, ob es sich anfangs um eine 
priiniire Stoffwechselstdrung oder um eine Regulationsschiidi- 
gung mil liochgradigem Kohlehydralverlust und sekundaren 
Stdrungen im Fcltumsatz gehandell halte. 

Bei weniger schweren Diabetesl'allen isl es mdglich, sich 
durch ein systemalisches Sludium der Stoffwechselprozesse 
im Hunger und bei Nahrungszufuhr ein klareres Bild von dem 
Ziisland zu machen. Die Entdeckung der rhylhinischen Leber- 
I'unktion und des mil dieser verkniipften endogenen SlolT- 
v/echselrhylhmus gcwahrl Mdglichkeiten, liefer in den Verlauf 
der Stoffwechselprozesse einzudringen. Dadurch, dass der In- 
lerniediarsloffwcchsel nichl kontinuierlich sondern periodisch 
verlauft, haufen sich bei Stdrungen in dem normalen Abbau- 
vorgang an verschiedenen Zeitpunkten verschiedene Zwischen- 
produkte an. Bei ungeschadigter Nierc wird der Uberschuss 
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der goMdclen, dm Organismus aber nicht weilwumResetitai 
nlennedjarproduklc zum grossen Tail ausgeschiedL Aas- 
sd.c,dungsd.agramme konden daher ein Bild voa dar Slot 
wchseblorung gcban, und in ihnen spiegeln sich in hohaa 
Masse die physiologisch-chemischen Vorgange im Organismus 
■vuder. Da das meisle bei imgeschadigten Nieren ausgeschieden 
ird, \'crniag das Studium von Blutveranderungen allein nichf 
denselben klaren Eindruck von der Sloffwechselslorung zii 
vermitteln Avie ein systemalisches Studium des Urins, Blut- and 
Urinunlersuchungen iniissen aber einander erganzen, wemi 
man ein vollslandiges Bild des physiologisch-chemischen Ge- 


scbehcns erhallen soil. 

Bei inangelhafter Insulinwirkung macht sich, wie friihcr 
hcrvorgehoben Avurde, eine Kelonkorperbildung bemerkbar. 
Das Studium derselben AAurd dadurch in hohem Grade erleich- 
lert, dass man die /^-Oxj'buttersaureausscheidung im Urin 
quantitafiv A’crfolgt. 1st die Nierenleislung eine gute, so kon- 
ncn die Kelosauren so A'ollstandig ausgeschieden Averden, dass 
sic im Blutc grosstenleils fehlen, aber im Urin zu finden sind. 

In andcren Fallen kann das Eingreifen der Niere in den Ke- 
tonkbrperumsatz so gcliemmt sein, dass anch hei hochgradiger 
Kctoniimic kcine Ausschcidimg von Ketonkorpern eintrill (vgl. 


Tab. 11 S. 235). 


Blutzuckcrfjclialt und Kelonkorperbildung 

^'crfolgl man den Blutzuckergehalt parallel nut 
Jedrpern in Blut und Urin, so findet man 
fallen einen erhohten Ketosaurengehalt m Blut und 
sinkonden Biulzuckenvcr.em Dieses VerhaUen z^n« M 
genden Tabelle 18 bei drei Diabelikern im Huii» • 
eHlziclmng bewirkt dadurch bei gesici- 

likern ofl sugleicl. mil sinkenden 
gerle Kelonkorperbildung mit Ketonan 
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TAB. 18. 

,.Oxvl.«H«rsa»rc liu Btat ..ml Xlrln l.»i 3 Fiillm. vo.. Dlol.oCcs I... 
__ Trkr'IllitI i.a! clnkRiidcni Blutzuckcrflchalt. 




Blut 

Zeit 

Urin 

Zeit 

Zucker 
mg % 

j?-0.xybut- 
tersiiurc 
mg % 

Zucker 
g/2 st 

i^-Oxybullcr- 

saurc 

mg % 

mg/2 st 

Fall 8. 

Axel A 

9 

12 

327 

271 

36 

38 

8-10 

10-12 

7.0 

6.4 

40 

30 

64 

42 


14 

28.') 

36 

12-14 

4,r, 

90 



IG 

268 

23 


4.7 

375 



18 

247 

O') 

16-18 

6,0 

■ 1 

■sB 



18-20 
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Fall 9. 

■ 




m 

0 


Lisa G 

Wm 

97 

4 

8-10 

n 

— 



84 

14 

10-12 


0 

■ 


14 

96 

12 

12-14 

n 

0 



10 

66 

26 

14-16 

19 

0 

— 


18 

01 

75 

16-18 

■9 

25 

11 





18-20 

n 

50 

23 

Fall 10. 

■ 

■■ 






Karin II 



0 

8-10 


0 

— 


■9 

msM 

0 

10-12 


0 

— 


14 

124 

0 

12-14 

0 

0 

— 


16 

97 

13 

14-16 

mm 

50 

43 


18 

94 

18 

16-18 

n 


100 






0 


39 


') Null bczciclinct eincn niclilerhohlcn Wcrl iinlcr 2,0 nig 
wandlc Melhode niclit sichcrc Werlc gibt. 


voi wo die angc- 


Der diabelisclie Zusland bci den Fallen in Tab. 18 wlrd ans 
folgenden Krankengeschichlcn und Ausscheidungsdiagrannnen 
ei'sicbtlicb: 


Pall S. Axel A., geb. 1912. 

Ein Bruder Icidet an Diabetes. — Im November 1933 gclegenllicb 
einer zufalligen Infektion Durstgcifihl, starker Hunger und Abmagc- 
i-ung. Es -wurde Diabetes feslgcstcllt, Pat. lag 6 Monate im Kranken- 
haus und erhielt strenge Difil. Insulinbebandlung, 88 I.E. pro Ta", 
nach und nacli Herabsetzung der Dosis. ^ 
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Es folgl hicr tins Ausschcidungsdiagramm bci cler Bcobochlung 
im Miij-z 1912 (Abb. 57). 



,tw.. 5r.A»ssvUdiUm8s<lla8™""' '’'j 

Schlcn is. ,110 ,>c™msd.o f S “S 

'"SrcSssdSs tafSSolu m...z»cl.or 80 l,ni>. Odo A~— »-* 


Pall 9. Lisa L, gcb. jlMigkdl, Dursl 

KCU.C crhlichc “ “Ite 

and sUirkc Abningcnmg. Diabcics ui 


Lisa J. 20 Jahr 


'Vj-ISi! 

Hungtr 








fi 

® [Sflfl - 
o' 

Ci| 1,00 ■ 

:li 



i A! 

. r r V' 


"nTTr 

.r-^n iKJ 
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g Brol und 75 g Kar- 


haiisbchandhing. Massig sli'cngc Diiil mil 100 

tnrMn+20 I. E. Insulin. . , 

Bci dcr Beobachlung iin Miirz 1012 wurdc das in Al)l). o8 wicdci- 

-^cgcbcnc Ausschcidungsdiagramm crhallcn. 


Full iO. Karin II., gcb. 1008. 

Eine Scliwcsler der Muller hal Diabcles, sonsl kcinc erblichc Ycr- 
anlagung. - Bis auf Pleurilis exsudaliva 1027 slcls gesund gewe.sen. 
Im Friihjahr 1911 Gravidiliil. Aborliis iinmincns mens. Ill nn Mar/,. 
Parlus im Seplcmbcr; Kind lol. Im Aiigusl 1011 Durslgcliilil und 
beginnende Abmagerung ^Yahrcnd dcr Sclnvangcrschafl. Diabcles im 
Oklober d. J. konslalicrl. insulinbehandiung im November cingelcilcl, 
32 I.E. Insulin uni 8 Ubr morgens. Oil Insulinbcsclnvcrdcn. 

Dcr Diabclcslypus bci dcr Beobachlung im .lanuar 1912 gcbl aus 
Abb. 59 hervor. 



Abb. SO. AusschcUUingsdiagramm bci kclonkOrpci'bililcntlcni 
Di.nbcles ohiic Insulin. 


Bei sleigcndem Blulzuckerspicgel im Zusammcnliaiig mil 
Kolilehydratzufuhr uimmi dagegen die Kelonkorperbildung ab. 
Die iiiichsle Tabelle 19 zeigl die Kelonkorperbildung sovvie 
BluU und HarnziickergehaU bei zwei Fallen von Diabeles, 
L'lnerseils im Hunger und andererscils bei einer freien gemiseb- 
len Normalkost. 
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TAB. 19. 

Gcsaintazctoii und i9-OxybuUers3urc im Blut and Urin smvio n. , 
zuckcruclialt und Zuckcrdiuresc bci 2 Fallen von Diabetes 
iin Hnnflcr olinc Insulin und bci Ircicr Nabrunflszufubr. 



Die Tabelle zeigl die grossen Variationen der Kelonamie voi 
Stu’nde zu Stunde. 

Folgende Krankengescluchlen und ^ 

beleuchlen den Diabeleszusland bei den einzelnen Tali 


Fall il. Ingegerd L., geb. 1929 
Kein Diabetes in der baniilie. 
heit operiert. — Im Dezember 


Mutter wegen Basedowseber 
19-11 zunchniender Duis, 
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AM). 60. Aussclicidiiiigsdiagraniin bei Iciclilcin IccloiikorperliildL’iidi'ili 
Dial)elcs ohiic Insulin. 


Hunger. Gcringe Abmagerung iind Mfuligkcil. Diabclcs iin Febi'iiar 
l!)12 fcslgeslclll. Dor Diabclcslypus wire! von Abb. GO veranschaiiliclil. 

Fall 12. Elin K., geb. 1800. 

Kcinc crblichc Ycranlagung fur Diabclcs. Yon .Ingcml anf .sclnvacli- 
lich gewesen, zcihvcisc Blulanmil. 1912 Plcurilis exsudaliva dcxlr. 
Im Frfdijahr 193G Basedowbcschwcrden, llcrzklopfcn, Ncrvosilal, 
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Abiiiagcnmg und Tremor., Im Fruhiohr v 

ucijjst cl. .1. Giundiimsalz normal nesanfl iiic x. n ' ” 
|).„s,gctr,l„ ,egi„„o„dc f” 

Ilcihslcs zunahm. Im November 1910 \vurdc der Diabeio^ i 
^r, Vorid.e^dmnde Angenbescb.erden. 

mm Beobachlung inrStu 

■ Gewichl dl,i kg. Gnmdumsalz — 16 % Kcinc 

Anamic. Augenhinlergrund auf bcidcn Seilcn o. B. Hen: GnnZ 
• 4-8 cm. ^ ionc rein. Kcinc Arrhythmic. Bluldriick 130/80. Puls- 
fretiucnz^ 80. Der Diabcleslypus gchl aus Abb. 61 hcrvor (vgl. Tab. 
11 S. 23*)). 


^\cnn Slorungen im Fellsloffwechscl mil Kelosaurenbildung 
vorliegeii, nininil diesc daher ofl mil sleigendcm Bliitzucker- 
spicgcl ab, M’as daraiif liindeufel, dass bei steigendem Bhil- 
zuckcrgeball die Kohlohydralvcrljrenming in gewissem Grade 
gosfcigcrl iind indgliciierwcise die Glykogcnbildung erleichlerl 
'vvird. Die Ilyperglykiimie is! bei diesen Fallen als eine Korn- 
penmUonahijperfjUjkumic zu bclracbten, Avelche einer IjcsIc- 
lienden Sidrung im ZwischcnslolTwechsel entgegemvirki. 


Der Blutzuckerbegriff 

Unlcr normalen Verhallnissen ist der Zucker im Blule eine 
Glykose, •wahrscheinlich eine a-Gh’kopyranose (s. S. 98). Bei 
dem klini.schen Sludium der Veranderungen des Blntzucker- 
gelialf.s beim Dialmles lial man indessen in grossem Unifang 
die Talsache iibersehen, dass ein mil den iiblichen Melho en 
zur 13hi(7.uckerbeslimmnng crhallener Bhitzuckerwert emes 
^vegs iiir Glvkose allein gill, soiidern dass es noch Koi eiy u - 

a.bbauprodukle gil)l, .velche die Blutzuckerbestnmmm. u b^ 

Iiem Grade beeinflussen. Unler 

diose Abbauprodukic z„.n grOsslen Toil -f;™'"Xk=rI.o- 
doii imd sich iiiclU im Bbile anliiuifen, gi > dcmiicli 

slimmmig den wirklichcn Glykosegeha es | | „ 

.sichor ..iode,-. Beim Diabeles mil SesWrIem 
dagegen kann der Blulzuckerwert m gewisse 
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iirefiilirend wcrdcn, imd or isl da kein Massslab iiir den ^YIr 
lichen Glykoscgchall dcs Bhiles. Dor Blulzuckerwcrl isl dahei 
beim Diabelcs mil allcrgrosster Vorsichl zn l)enrloilc'n. 

Es gibl vcrschiedene Melliodcn ziir Beslinnming dcs tdykosc- 
gehalls dcs Blules. Die klinisch gewdhnlich angowandlcn Mi- 
kromelhoden griinden sicli aiif das Bcduklioiisvermdgen del 
Glykose. Dieses isl an die Aldclmdunippc des Ilexoscmolekiils 
gebnndcn. Sind anderc Aldehyde ainvesend, so rediizieren 
auch diesc. InI'olgcdessen sind die chemischen Besliinimings- 
nielhoden, wclchen Rcdiiklionsverrahren zugrunde liegen. 
nichl far Glykose sjiezirisch. 

Bei den ehcc Ijraiichliaren licdnklionsinellioden, z. B. der 
von Hmicdorn-Jenscn, werden i'liichlige Aldidiyde. Iieispiels- 
weise Azclaldchyd, vor der Ik'diiklion aligedainjil'l und alle 
stickstolThalligcn rcduzicrenden Siihslanzen mil dein liiiweiss 
{Uisgcralll. Dnler nonnalen \'erhallnissen wird daher der Be- 
duklionswcrl zu cincm wahrscheinlichen Mass I'iir tien Glyko- 
segehall des Blules. also I’iir den Bliilziickergeliall. Sonslige 
rcdiizieronde, nicdennolekuiaro Kohlehydrale, Diosen, 'i'riosen 
usw., werden normalerwcisc in so grossem I’mfang ningcselzl, 
(lass man mil ihrem '\'orkommen im Bin I iin ^’ergleich ziir Gly- 
kose nichl zii rechnen brauchl. 


Bei Slbrungcn im Kohlehydralslofl'wechsel hingegon kdnncn 
rinfachere Kohlehydrale wie Diosen, Triosen us\v. und andero 
leduzierende Subslanzen, z. B. Glykolaldehyd, Glyzerinalde- 
liyd, Glyoxyl u. a. m. angehanl'l werden, welche heiin lirwiir- 
inen des Blules niclil lliichlig sind und auch nichl mil dem 
Bluleiweiss ausgefalll werden, wodurch sic hoi der Blulzucker- 
kestimmung in hohem Grade slorcnd wirken. Nur insofern als 
(lie reduzierenden Aldchydgrujipen an Hexosemolekulc gehun- 
den sind gibl der Rcduklionswerl einen Massslab I’ur den Gly- 
kosegehall des Blules ab. 


Bedienl man sicli anderer, fiir Ilexoseii spczifischer Glykose- 
liesliminimgsmelhoden, so erhall man lici Sldrungen iin Koble- 
liydralahhau nichl sellen ganz andere Residlalc als mil Rednk- 
tioiismelhodcn. Eine spezil’isclic Hexoseiircaklion isl die Bil- 
dimg von Oxymclhylfurfurol, welches nach Koppelung an bei- 
M’lelsweise Orzin cine shirk gel’arble Verbindimg liel'erl, die 
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zur quanlimrivcn Hcxoscnlicslimmimg amvcndhav ist (vgl. S. 

“'bci vc.-glcicl.mdcn Bluto.cl«rbcsli..........ge., ...U dcr tem- 

inel iodc imd . ffdagcrlen Kohknsloffalomen im 

Zucker ....I e Le rcdazicrend, 

Molokul ’’"'''"'“'"j,’. , ijs TOchsclndc RcsulUlc, wcs die l.icr 

l)elesfiUlen vcvanschaidichl. 


tab. 20. 

A iind B im Ilunnw olmo. 

Orz,inn.e.l.o.lc l,ee.imm. 



Blulzuckcr 

Dinbclcslypus 

zcuiTniriiH^ 


Urm 
^-Oxy 

Izuckcrj butler- 

sUurc 
8—20 


Blulzuckcr 


freie K osl 

lJrin_ 
il-Oxy-1 

ZuckcrlbuUer-l 

siiurc 






i to • I 

igedorn. 
zin . • • • 
sef H. I I 
«gedom.l55| 


711W311021 7i.i ■ , 

„ieKcnnUcngcscl.icWen 

folgen nun die m 
;n Tabelle: 



Fall 13. Esler H., gcb. 1892. 

Kein Diabetes in der Familie. — 1917 wegen FxlrauleringraYiditat, 
1926 wgen Appendizilis operiert, dabci rcchlsscUigc Ovarickloime. 
1931 Operation wegen Tumor recti, bci der aneb der linkc Eicrstock 
entiernt ^YU^de. 1934 Nephrolithiasis und Pyelitis. Seit 1931 zeitNVcisc 
Durst und lastiges Hautjucken. In dicser Zeit \Yiirde ziifallig Zuckcr 
im Urin festgestellt. — Im Dezember 1939 Influenza mil hohem Fieber. 
Wabrend dieser Zeit starker Durst. Im Frfdijahr 1910 zunchmende 
Mfidigkeit, Abmagerung und zeilwcisc SclnYindcl. Der Diabetes 
wiirde erst im .luni 1910 diagnoslizicrt. Dreiwochige Krankenhaus- 
behandlung, Avobei Insulinlherapie mil Avechselnden Mengen eingc- 
leitet wurde, bis IS I. E. Zinkinsulin. Ziemlich freic Kost. Perioden- 
weise leichle Besserung, aber im Mai 1911 Aviedcr zunchmende Mfi- 
digkeit und SohAvindcl. Wieder 2 Woehen stationare Behandlung, 
dabei Anderung der Insulindosierung auf 12 1. E. Zinkinsulin 12 
I. E. gewohnlichcs Insulin morgens, sowic strengere Difit. Die In- 
sulindosis Avurde allmahlicli auf 28 I. E. Zinkinsulin + 10 1. E. gc- 
Avohnliclics Insulin einmal luglicli crhohl. Nach Avic vor starkes 
SchAA’achegeffihl, ParasUiesien in den Aiincn, zcilAveise Doppclschcn. 
Die Palienlin musste einige Male AA'cgen scliAVcren ScliAvindcls zu 
Bell liegen. 



S.r?' bei kclonkOrpcrbildcndcm Dinbclc.s niul- 

^•.ekerbesummungen nn, 3 VI. im Hunger und an, 9. VI. bei gewOhnliciler 
Kosl und Insulin 10 + IG I.E. (vgl. Tab. 20). 

1912 Avurde neben eincm 
normaknf Fl-n^’ Inkompensalionsersclieinungen und mil 

alcm Ekg erne leichle AnSmic (Mb. 92 % (Sicca) role Blni 
Wporchen Mill., ,velssc »0») fkiBclelir 
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j‘engc\vcOsa{rophicn lalcrai an bcidcn Oberschenkeln 
insiilininjcktionen. Dcr Djabetcslvpiis wire! aus deni 
(hngrnmm (Abb. 02) er.sichllich. 


ini Gebict dcr 
Aiisschcidungs- 


AA le aus Tnh. 20 hervorgehl, wurde bei der spezifischen 
Ilexosebesiimmung im Hunger keine Glykose im BhUe gefiin- 
c?cn, obwohl das Hagedornsche Verfahren verhallnismiissig 
normale Reduklionswcrle ergelien halle. 

Fall I'l. rielvi IC., gcb. 1921. 

Kciiic criilichc. Vcraalagiuig fur Dialietcs. — Im .lamiar 1929 zii- 
nelinicndcr Diir.st mid Mudigkeit, aber kciiic Abniageruiig. Diabeies 
im Murz d. J. koiistatierl. Stationarc Behandlung 3 Monale mil 
strenger rclt-ricnifisediat + 65 g Brol. Der Durst Yersch^^■and, uml 
aiich dcr .\ppctil wurde gcriiiger. Zu Hause 2 Monale Rube, abor 
nacb Yvic vor starkc Mfidigkcil. Vom August d. J. an 'vvieder i'A 
Monate Kraiikciilinusbcliandlinig. Wilhrciid dieser Zeit ivurde die 
Insidiatherapic cingelcitct. Bei dcr Entlassung 32-f 32 I. E. Insulin, 
ivcitcr slrcnge Dial. Im Laiifc dcr nfichslen Jahre noch achlmal sla- 
tionaro Bcbandliing, jedcs Mai 5—6 Wochon, zulclzt .lamiar— Febriiar 
1910. Sell 1938 elwas frcicre Dial. 
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Bei der Bcobachlung im Juni 1912 zeiglc das Ausschcidungsdia- 
gramm den aus Abb. G3 hcrvorgchcnden Diabelcslypus. 

Man sieht in Tab. 20, dass die Rcdnklionswerle des Bluio.s 
elwas erhoht waren, abcr ausscrdem lag ein crbeblicbcr tjl)cr- 
scbnss an nichl reduzierenden Hcxoscn vor. 

Fall 15. Josef II., geb. 1887. 

Die Mutter des Patienten Icidct an Allcrsdiabclcs init fiangran, 
ein fdterer Briider ist an Diabetes gestorben. — Iin Ilcrbst lO.'i/ wurdc 
zuffdlig Zucker im Urin fcslgcstellt. Scildcm ab uiul zu Zuckcr in 
kleineren Mengcn, nieinals Azeton. Sonst nnintcr, kein Diirslgoffihl. 
Hat in den letzten ffinf Jahren von 79 bis 71 kg abgcnommen. lin 
letzten Jabre zeitweise mude und nervos infolgc von .\rbeitsfiber- 
laslung, auch ieiclilc Hcrzbesclnverden, Kurzalinigkeil liei .^n- 
strengungen und Herzunnihc. Bei der Bcobachlung im Juni 1912: 
Blutdmck 140/80. Pulzfrcqucnz 7G. llcrz: Grenzen 4 4- S cm. Tone 
dumpf, sj'stoliscbcs Gerauseb fiber dem ganzen Ilcrzcn. Ekg wrist 
.\nzeicben einer leicblcn Kardiosklcrosc auf. 

Das Ausscheidungsdiagramm findet man in Abb. Cl. 
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bei nichl ketonkOrperbilileiKlcin Diabetes 
.BUUzuckcvbcstininn,ngc.n am G.VI. im Hunger mul mn l.T Vi bei gevvblm: 
licliCT host olinc Insulin (vgl. Tab. 20). 

Pall iO. Hans B., geb. 1883. 

oem,”,! - Scil 19IS ^citwdsc liodigmilii. 


20 
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Das Aussc.licidungsdiagramm voni Juni 1942 zeigt den Diabeleslypus 
(Abb. 65.) 



Abb. 

l)ClCS. 


5. A,.sc,.dd.,„g.d„gr™ ' 

Blulzucbcrbcslimmungen am Uhr (vgl. Tab. 20). 

Nvohnlidicr Kosl und Insuhn 12 I.E. um lb unr 


Dio spozifische Hexoscnbostim.mmgsmelhoac 

fcrl bcim Diabclcs manchmal J ' jj „ jo,„. jciuin «■ 

xvondong dor Reduktionsmclhode 

liallenen ubereinsUmmen, abei o iann 

weicbungen. Auch Ijei norma en gj^je gnzeigsa. 

Orzinmelhode das Feblen reier Koblehydraislof^- 

Dies beruht darauf, dass sicb Glyzerinaldehya na^ 

wechsel reduzierende . o ’ ^nd die Glykoseofc 

andcre Substanzen, im ^lute ^ 

energiebildendes Verbrennnngsmater I . 

Uven Prozessen im Orgamsmus ^ 

Beim Vorkommen von 

z. B. von Glykogen, welche im ‘ Methode auch e>w 
reaktion hydrolysiert werden, «ib ’^Verteals 

Ausschlag fiir dieselben und befer Al^ 

Reduktionsmethoden. Dies ast auch \ g n,it Pho 

hydgruppe der Hexosemolekule ^ockie t 
phorsaure bei der Hexosediphosphorsc 

phosphat (Cori-Ester, vgl. S. 10-). 
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Wie aus Tab. 19 S. 288 ersicbUich wird, findel man ancli 
beim Diabetes bis^Yeilen hdhere Orzinwerle als millels dor Ila- 
gcdorn-Jensenscbcn Melhode bcslimmlc Rednklio^s^Ycr(c. 

Der Begriff iBlnlzucl<cr<^ muss dahcr bcim Dinbctes mil 
grosstcr Zuriickhaltnng aufgefassl wcrdcn. Man muss .sicb 
zuniichsl Klarlieil dariiber verscbaffen, ob Hexosen, Koblc- 
iiydrate mil 6-KohIcnsloflkellen, oder Aldehydgruppon onlhal- 
lende Kolilehydralc mil wecliseinder Kohlensloffkellc I)cslimml 
werden sollen. Zmu Nachweis der crsleren dicnl die I'.igon- 
scbafl der Hexosen, Oxymelhylfurfurol zu bildcn, zu dem der 
lelzleren geeignete Reduklionsmclbodcn. Mil versebiedenon 
Melhoden erzielle Rliilzuckerwcrle lassen sicb nicbl milcin- 
ander vergleiclien. Diesc Talsachc isl von gnindlcgcndcr Be- 
dcuiimg, wenn cs sick um die Kldning der Kohleluidmlsloff- 
wechselstdnmg bcim Diabetes handclt. 

Neben Biulzucker komml aiich Glykogen normulerwoisc im 
Blut vor. Dasselbe isl einmal an Ehveiss gelnmden als Des- 
inoglykogcn, welches der Eiwei.ssnicderscblag l)ci der Rlul- 
zuckerbeslimmung mil sicb rci.ssl, sodann in Ibslicbcr Form 
als Lxjoghjkogen vorbanden; lelzlcros findel man nacb voran- 
gohender Hydrolyse als Biulzucker wieder. Obnc Hydroly.se 
machl sicb das Gl^’kogen bei gewolmlicben Blulzuckerbcslim- 




CG. niulzuckcr- «nd Glykogengchalt dcs Bhilcs l.oi DiaDclcs mil und 
olme Ivclominc im Hunger olmc Insulin. 

B nil’.!''”''!'''''’ nach llagcdorn-Jcnscn. 

B B uizuckcr, als O.^ymclliyltur/urol mil Orzin l.cslimint 
C Glykogen (Hexose nach Hydrolyse dcs Glykogens als 
Oxymcthylfurturol bcstimml). ^Oi^ogens als 
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des Diabelikers ent 

alt Glykogen. Abb. 66 zeigt Mittehvertkurven bei 7 Fallen 
^on ketonkorperbildendem Diabetes; der Blutzuckergehalt ist 
c-Hierseds mil dem Hagedornschen Verfabren and andererselis 
mit emer spezifischen Hexosenbeslimmimgsraethode miltels 
Orzm feslgeslellt. Glcicbzeilig wurde der Glykogengehall des 
Billies crmillelt. 


^ Auffallend ist der trotz sinkender Blutzuckerwerle, nament- 
lich Rediiklionswerle, konstante Glykogengehall. Beacblung 
vcrdient ferner das Hexosemaximum, welches bei der Orzin- 
lieslimmiing inn 16 Uhr obne nennenswerte Erhohung des Re- 
duktionswerls hervorlrilt. In Abb. 66 findet man auch entspre- 
cbende Miltelwerlkurven bei 3 Fallen von Diabetes ohne Keton- 
korperbildung. Hier liegt der Glykogengehall tiefer und sinkt , 
wiihrend des Hungerlages, nachdem der — sowohl nach Hage- 
dorn wie mit der Orzinmethode beslimmte — Blulziicker cinen 
asymplolischen Minimalwert erreicht hat. 

Wo im folgenden von j>Blulzucker« die Rede ist, hat man 
hierunler die im klinischen Schrifttum bislang gebrauchliclien 
Reduktionswerte zu verstehen, welche mit der Hagedorn-kn- 
senschen Methode erhalten werden. Ob es sich hierbei urn 
Glykose oder andere reduzierende Kohlehydratabbauprodukte 
handelt, welche die Reduktion bewirken, lasst sich ohne ein- 
gehendere Analyse der Kohlehydrate des Blufes im Einzelfalle 
nicht entscheiden. 


Endogener Rliytlmms inid intermediare Stoff- 
wechselprozesse 

Der sfiindige Weclisel der physiologisch-chemischen Ikr- 
gange, mit zeitweiliger Anhaufung intermediarer ro u ’ > 
gewahrt beim Diabetes eine Moglichkeit, den Verlau 
wechsels genauer zu verfoJgen. Bei imgeschadigler i 
funktion wird namlich jeglicher Uberschuss an nici o 
setzten Stoffwechselerzeugnissen entweder in 
Form Oder in durch Kopplung an andere Substanzen s . 
siertem und entgiftetem Zustande im Urin ausgesc ue 
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pyslemalische Uriiumlersuchung kaiin daher cin Bild von den 
rrozessen im Orgaiiismus geben imd dadurcli Aiifsclilusse u )er 
die Stoffwecbselsloning und deren evenluellen AngriffspnnK 
in der Ketle der biocbemisclien Reaktioncn liefern. 

Im folgenden Averden einige orienlicrende Beispiele dafiir 
angefiihrt werdeii, wie der endogene Rliyllimus Imim Sliidinm 
von Sfoffwechsclvorgangen bei Diabeles mellilns zum A'or- 
sclicin komml. 


Die Aiissehciduiig der Piiospiiorsaurc 

Bei Sldrungen im Pbosphorylierungsprozess ist der Kbrper 
iiicht imstande, sich die znr Verfiigung slehende Phosphor- 
siiure zunutze zu machen. Diese wird da in grosserer oder ge- 
ringerer Menge ausgeschieden. Die Phosphorsaure zeigl wie 
die ^-Oxybuttersaiire eine mehr oder Aveniger stark hervorlre- 
Icnde 24stimdenperiodische Ausscheidung. Die Phosphorsiiurc- 
aussclieidung wird walirend der Wirkung des Insulins geringer, 
gleicbzeilig mit dem Verschwinden der Ketonurie (Abb. 67, vgl. 
Abb. 68). Bemerkenswert ist, dass die Znekeraussebeidung 
dabei nicht stets in entsprechendeni Grade abnimmt. Audi 
der Slickstoff, welcber ebenfalls in vielen Fallen eine deiitlicb 
24stundenperiodische Ausscheidung erkennen lasst, folgt nicht 
der Phosphorsaurediurese, und die im Urin vorhandene Menge 
desselben geht nicht infolge der direkten Wirkung des Insulins 
in gleichem Masse zuriick wie die der Phosphorsaure, was 
ebenfalls aus Abb. 67 ersichtlich wird. 

Lasst die Insulimvirkung bei einem Diabetiker mit Ketonkor- 
perbildung im Hunger nach, so steigt die Ausscheidung der 
Phosphorsaure parallel der erhohten /5-Oxybuttersaureaus- 
scheidimg. Die Zuckerausscheidung nimmt dagegen nicht zu. 
Lies deutet darauf bin, dass das Insulin beim Verschwinden 
des Zuckers nicht unmittelbar beteiligt ist, sondern Avomoglich 
sekiindar in den eigentlichen Zuckerumsatz eingreift. Der pri- 
niare Angriffspunkt des Insulins ist daher wahrscheinlich an- 
derswo zu suchen, moglicherweise in engerer Verknupfung 
nut dem Feltstoffwechsel (vgl. Abb. 10 S. 38). 



Ahh, G7. Aiissclicidiing von Gesnmlsfickslof/, Gcsamlphosphor, /J-0xyk!lcr- 
sfiure und Harnzuckcr bci ketonkorpcrbildcndcm Diabelcs wahrcnd Kolilc- 
liydral-Fcttkost, Hunger und gcmischlcr freicr Kost mit Insulin. Man bcachtc 
die ctwas wcclisclndc Ausscheidungsperiodizitat. Slickstoffausschcidung rc- 
lativ unbccinflussl, im Hunger clwas hcrabgcsclzt. Kcin ncnncnswcrtcr Ein- 
fluss dcs Insulins. PJiospboraussclieidung bci Kelonurie geslcigcrt und mil 
dciii Vcrsclnvindcn dcr ^-OxybuUci-saure durch die Insulinwirkung an- 
nclimcnd. Bci Einicilung dcr Insulinbchandlnng und Erwcilcning dcr Uia 
slcigcndc Zuckcrdiurcsc trolz Naclilassens der Phosphoraussckcidung ima 
Vcrscbxvindcns der Ketonurie. 


Gleichzeitig mil der zunehmenden Kelonurie wird audi Cho- 
lin in sleigender Mengc ausgeschieden (Abb. 68). Hienn iicgl 
die Andeulung ernes Ziisammenhangs zwisdien Keiosaiiren- 
lyildung und Phosphalidumselzung (vgl. S. 131). ^ 

Die bei Ketonurie vermehrfe Phospliatausscheiduag 
die Pufferkapazitat dcs Urins zum Sleigen. Dadurch wr ' 
Ausscbcidung saurer Produkte erleichfert (s. S. 232). ei ’ 
lonkorperbildung wird daher die erhohte Phosplua 
dung zu einem fiir die Sauren-Basenregulalion des 
giinsligen Faktor, mit dessen Hilfe sich 
Ketosauremengen ohne Nierenschadigung duic le 
zu entledigen vermag. 
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/\Wi. OS. Aiissolicidtinn von Cics.nmli>lio!;i>hor, I'liolin, /J-O.xylnilU'rM'mri' uml 
Ilanizuckcr bci 2 Frillen von kelosrmrcnbiklinnlcm Dinlictos im niini;cr sowic 
^Yi^kung von Insulin. Uci hocligradigcr KolonkurpcrbiMung (rorlilfs Dia- 
gramm) wind zucrsl die I’liosplior-, dann die Cliolin- nnd zuletzt die fi-0\y- 
bultcrsaurcaussclicidung von 40 I. li. Insulin becinflnssl. l)er Kinfluss auf die 
Zuckcraiisschcidung ist itichl dcmcnl.sprcclicnd. 

Eiiic 24stunclcnrhylhmische Phosphor.suurcausschcidun^ 
Nvird aiich beini Diabclc.s obnc Kclomiric I)col)acbk’l. imd zwar 
im Hunger ebenso wie bei Naljrungszufubr. Abb. 99 zeigl die 
Zucker-, Gesanilslicksioff- und Gc.sainlpbo,si)bor.saureau.s.scliei- 
oung bei einem Fall von nichl kclonk6ri>orbildendcin Diabetes. 
Die periodisebe Pbospboraussclicidnng wcichl in die.scin 
Falle leihveisc von dcr Zuckcr- und Slicksloffausscbeidung ab. 

Fall 17. Alvar S., geb. 1891. 

Valer^ und cine Schvvester dc.sselbcn leidcii an ])ial)Clq.s. Pat. 
war friiher sleks ge.sund und zicnilich mager bis 1918. Ikgann 
dai zuzunehmen (20 kg in 2 Jaliren bis 92 kg). Im Ilerbsl 1920 
Mudigkeil und beginnendes Durslgcfuhl. Damals clvvas Zuckcr 
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BliUzndicrgchaU uiid Uliifpliosplior 


Ersl iiacli Phospliorylierung dcs llcxosemolckiils isl ciii woi- 
lorer Abbau mbglich. JBlutziickcrgehall uiul Pliospliorgeliall 
steheii dalicr in eincin gewissen Abliangigliciisverlialtnis von- 
einandcr. Die rolcn Bluikdrperchcn bcsilzen dal)ei Bcdculiuig 
fiir den Phospiiorsanreuinsalz. In dicscn findei sich n. a. die 
von Warburg nacligewiescne Codelij'drasc H, dnrch dercn 
Wirknng das Glyzcrinaldeliydpbosj)bal cin wcileres Molcktil 
Phosphorsanrc unlcr Bildung von l-3-DipbosphogIyzcrins.'inrc 
aufnehmen kann (vgl. S. 109). 

Die weilere Umwandlung der Di])bosi)IiogIyzerinsanre isl 
eine nolwendige Vorbedingnng fiir cincn nnnnalcn VerJauf dcs 
Kolilehydralabbans (vgl. IV. Abscbnill). Wird die.scr Prozc.ss 
geslort, dann kann sicb Phosphorsanrc in den BUilkorpcrchen 
ansainraeln. Bci Dial)clcs mil schwcrcn Sfbrnngcn ini Kohlc- 
hydralsloffwcchscl kann cs dahcr in gewissen Fallon zn cincr 
Anhiiufnng von Phosphorsaure in den rolen Blnikbrpcrehon 
konnnen. Dies isl bci Diabclasforincn mil Sidrungcn des Phns- 
phoryliorimgsprozcsscs der Fall. Abb. 70 zeigi Millclworlknr- 
ven von 8 Diabelcsfallcn, bei welchcn der Gcsainl[)hosphorgc- 
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Abb. 70. 


Vcrlcilung dcs Pliospliois .nuf Bliitkorpcrclicii 
Di.nljclcs (Millchvcrlc von 8 I-Yiticu). 

.1 Im Hunger olinc Insulin, 
b Bei N.niirungszufuhr mil Insulin. 


utul l’lasni;i bci 
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hull dcr Blutkorperchcn imd dcs Plasmas Icils im Hunger mid 
leils bei Nalirungsziifuhr bcsUmnit ^^’urde. Im lelzleren Falle 
crfolgl cine merkbare Zunahme des Gesumlpbosphors in den 
Idulkorpcrchen und gleiclucilig sinkt derselbe im Blutplasnia, 
v.'as darauf bindculet, dass die Blutkdrperchen beim Pliosphor- 
nnisalz im Anschluss an Nahrungszufuhr speziell beteiligt sind. 

Bei Kelomirie trill cine vermehrte Phospborausscheidiing 
aiif (Aldj. 68), Aiich cine zeihveise gesleigeiie Pbospboranliiui- 
fung in den Blulkorpcrcben niacbt sicb beim kelonkorperbil- 
deiideii Diabeles benierkbar. In Abb, 71 ist der Gesamlphos- 
phorgchall der Blulkorperchen und des Plasmas im Hunger 
wicdergegeben, einerscils bei Diabeles oline Kelomirie (Millcl- 
werlkurve von vice Fallen), andererseils bei einem Fall von 
Diabeles mil starker Ketonurie obne Insulin, Gleiclizeilig mil 
einer Senkung des Phospborgcballs im Blulplasma trill im 
lelzleren Falle cine maximale Phosphoranhaiifimg in den Blwt- 
koqierchen nm 14 Uhr ein, wonacli der Phospborgelialt wic- 
der sinkl. Bei nichl kclonkorperbildendem Diabetc fehlt dieses 
Phosphormaximum. Dies ist ein Hinweis auf eine Sloriing des 
Pliosiiliormnsalzes dcr Blulkorperchen bei Kelomirie. Das 
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Abb. 71. Vcrleilung dcs 

a Bei nicht T. 
b Bei einem . 


jhors auf Blulkorperchen und Plasma im 

-.--^Diabeles (MUtNverte von 4 mien). 

■ it starker Kelomirie ohne Insulin. 
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eigcnfliche Wcscii diescr Sloruiig isl zur Zcit nidi I nalici Ijc- 
kannt. 

Bei hodigradiger Kelomirie in Verbindung mil Praekoma 
^Yird die Phosphoraiiliaufung in den Blulkdrperdien nodi star- 
ker. Abb. 72 b inadit den Phospliorgehalt der Blutkdrperchen 
bei einem Fall von bedrohlidiem Diabetes ersiditlidi, wo die 
Insulinbehandlung wegen praekoma tdsen Erbrediens um 12.10 
blir eingeleitet werden musste. Im Gegensatz hierzu zeigt der 
Blutzuckergehalt, nadi Hagedorn bestiinmt, sowohl in den 
Blutkdrperchen wie im Plasma nach der Insulingabe ein nn- 
iniltelbares, starkes Sinken. Ob diese Senkiing aiif einem Ver- 
schwinden des Blutzuckers oder aiif eiiier Blockierung wirk- 
samer reduzierender Aldeh 3 ’dgruppen beruht, ist nodi iiidit 
gekliirt; ebensowenig ist bekannt, in welcher Form der Phos- 
phor in den Blutkdrperchen gebunden wird (vgl. S. 286) . Aus- 
scheiduiigsdiagranime von dieseni Fall findet man in Abb. 73, 
welche die ^-O.xj'buttersaureausscheidung wahrend des Hungcr- 
tages und das Verschwinden derselben unter deni Einfluss 
des Insulins in derselben Weise wie Abb. 72 ersiditlidi inaclit. 

Die folgende Krankengeschichte mit Ausscheidungsdiagrainm 
illustriert den bclreffenden Diabelesfall: 


Herman H.34Jahr 

Hangerfag s.M. mit Ketonurie und Praekoma. 
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\Blui2(:ckergthali 
nach Hagedorn 

t 



e 10 12 /4 If Uhr 

Zeit 


Phosphorgthali 


\Bluik9rptr(htn 


Phsma 


a 10 12 Ik IS (/hr 

Zait 


uS'prasmi I'nd Blulzuc vcrgehalt nach Hagedorn von Blutkorpcrchcn 

'NSde am 12 in , vo" ^‘ivoMichem Diabetes mit Praekoma. Insulin 

wrH. 1^ f ? a- die Starke Senkung des Reduktions- 

\\eits bei steigendem Phospliorgehalt der Blulkorperchen. 
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Fall IS. Herman II., gcb. 1907. 

Valer Icidet an Diabetes. 

Pat. war fruher slots gesund. Ini August 1933 zuncbmeiider starker 
Durst, Scliwacliegcf iihl und Gcwiclitsabnahme (6 kg in 14 Tagen). Ilarn- 
nienge 12—15 1/24 st. Nacli 14 Tage wurdc der Diabetes konstalicii, 
Yierwochige Krankenbausbcbandlung. Bei der Entlassung slrcngc 
Dial und 32 + 32 I. E. Insulin. Im Nobember 1934 ■Verschlimmeriing 
mil Koma, von ncuem slalionare Bebandlung, bei der die Insuliii- 
dosis auf 72 4- 72 I. E. pro die erhoht ivurde, aucb clwas rcichlicherc 
Kost. Die Insulinmengc wurdc nacli und nacli auf 40 + 40 I. E. hcr- 
abgeselzl. — Bei dor Beabachlmig im Marz 1911: Lange 178 cm, 
Gcwicht 69,3 kg. Pulzfrequcnz 80, Bluldruck 155/80. Leber clwas ver- 
grdssert, 1 Querfiiigcr breit unter dem Rippenbogen palpabcl, innere 
Oi’ganc sonsl o. B. Der Diabcleslypus gebt aus dem Aiissclicidimgs- 
diagranim (Abb. 73) licrvor. 




;u):j 


Clilor ini Blut imd Urin 

Im Gegensatz zur Phospliorsiiurc bcleiligl sich das Chlor 
nichl direkl am inlermcdiilren Kohlehydralsloffweclisel; jcdcn- 
falls isl die Wirkimg desselben bisbcr nichl nahcr bckanni. 
Dagegeu spielen die Chlorionen cine Rolle als Regiilalionsfak- 
lor fiir das Sauren-Basenglcichgewichl des Blules (vgl. VH. 
Abschnitt). 

Soweil das Chlor als Clilornafriiim gebiinden isl, besilzl das- 
selbe auch fiir das osmolischc Gloichgewichl Bcdeulung. 
7'rolz Sclnvankungen des Blulzuckergelialls isl der Clilorgchall 
der Blulkorperchen und des Piasnins zicinlicli konstant (Al)h. 
74). 

Isl der Clilorgehah des Blulplasnias verliiiltnisinassig kon- 
stant, so wechselt auf der andcren Seitc die im Ui'in ausge- 
schiedene Chlormenge, Die wechsclndc Chiorzufuhr mil der 
Nahrung wird durcli die variicrcnde Chlorausscheidung ohne 
weileres ausgeglichen, so dass diesc den Ktirper passiercnden 
Chlormengen nichfs mil dcr Rolle des Chlors ]>ei der Verdauung 
some mil seiner Beleiligiing an der Sauren-Basenregtilallon zn 
iun haben (vgl. S, 25G). Es isl inoglicb, dass das Chlor- 



S’alplnsm.is (A) und der Blulkorperchen (B) sowie 
•ei ciJem S tT Bhazuckers. n.nch ll.-,gedorn hestimml (C), 

■ungszufuhJ^ Der m olme Ketonuric leiis ini Hunger, teils bei Nali- 
gszuiiihr. Der Chlorgchalt wird von detn SeUwnnken des BluVziicker- 
spiegels niclif bceinflusst. 




m 


JL. 

.„sserdcm bei den Inlermodiaren Slothveebsdprozesscn irgcnd- 
rinc Rollo spicit, ..enn auch darubet nocb 

CnrrU-Pn liil cinc 24slimdenperiodische Llilorausscneiai ^ 

^ T . pV welche er in Beziebung zur rhythimschcu Le- 

l)achge^^lescn, ^icse 24sUmdenrbyanuischc 

berfunkbon sclzl. palhologischcn Zadan- 

Chloraiissclieidung be aerselben einen aucb bcim 

,en cingchcnder braucbbaraa 

Feblen dmbeliscber S ^,„.etorunaen gefunden, 

Indikator tin ^ Ztisammenbang rob da An- 

Bci zunebmcndcr Azic organismus verlasscn CWot- 

B'llbrpcrchcn, avas bci dcr Saurcn-Baaenrega- 
lalion cine Rollo spicit. 

beiuTt Diabetes 


beilll 


- 'tatrn Phase ‘ica A«-P-es- ‘ 

■n Oder oxyda . . npjj, Beim Diabetes, iin 

nill) in Gruppen e. man vetseWc- 

KoWehy'leala® , ,iederzutinden, "t j jer 

» I"''™trSa* eianfs reprdsenUer- Arf ,, 

„C Stndien Sloff'vechaels findet ,m 

aogenen Rhy' ’ ^jsscr Subslanzen * ^ ' ^jidadgsacHW 

,dlsche Anhaufung 8 'ie“‘'t^,Sagtam">.“ 

•in dutch nichr od ^ Aussche.dun„d 

iderspiegcR- An ^ Verschwinden vetf»' 6 ®’ 

,U demnach R'^""” einero 8 e«sse" ^ cbsel#«”S 

Bcte beim Verlaaf ant ® 

FUt die genaae An y ^^^ymanschen P 

s erforderlich, dass 
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nach Entleerung des Hams abgebrochen werden, damil labi- 
lere Subslanzen keine Vcrandcmngcn crleiden. Der Unn muss 
auch in kurzeu Zeitabslanden entlcerl werden inul darf nicbl 
zu lange in der Blase ver\YeiIcn. Am einfaclislen lassl sicb die 
Reaklionshemnmng durcli Gefrieren des Urins nnmillelbar 
nacli der Miklion erzielen, und zwar ini I Kolilensiiuresclmee 

bis zu sehr nicdriger Tempcraliir ( — 80°). 

Es folgen bier einige Sludicn iiber das Aurirelcn inlermc- 

diiirer Produkte lieim Diabetes. 


Brcnzlraubon.saiiro 

Unlcr den Zwiscbenprodukten des Kobleliydralabliaus slchl 
die Brenzlraubensaure an bevorzugler Slello (vgl. . Ab- 
schniU). Audi licim Dialieles liegl der Brenzlraubensaurcgc- 
halt des Blutes vciiiaKiiismassig konslanl. Tab. 21 zcigl den 
liodislen bcobadilelen Brenztraubensanregcball des Bliilcs liei 
75 Fallen von Diabclcs wiilircnd eincs Iliingcrlagcs olinc In- 
sulin. 


TAB. 21. 

Iloelister bcoliaelitctcr nrcnztrnul»ciisihiro()pliall Ini Bint uTiliroml 
cincs Iliinjjcrluflcs. 


Brcnzlr.aubcnsiiures'cliaH 
mg % 

Anz.nli! Fiille 

1,20—1,00 

2 

1,51 — 1,7.5 

10 

1,70—2,00 

12 

2,01—2,25 

17 

2,20—2,50 

20 

2,51—2,75 

f) 

2,70—3,00 

7 

3,01-3,25 

1 

3,20—3,75 

1 


Die Varialionen des Brenzlraiibcnsihircgehalls des Blules im 
Hunger werden aus der folgenden Tabelle 22 ersiclillidi. 



Ijoi KohiehsSz'Srnfcfr'' 

^um Sinta ailf If Tab "3 2 T 

acliteten BrenzfnnhAn " hochsfen beob- 

fn..r obne bf^Sf ™ ffbeS 


TAB. 23. 

Hticlisfer bcobaelilcter BrcnztraubensaureBcUalt im BIiii liei 
Kohleliydratzufuhr ohne Insulin. 


Brenzlraubensauregehalt 
mg % 

1 Anzahl Falle 

0,70—1,00 

1 

1,01—1,50 1 

1 

1,51—2,00 

6 

1 2,01—2,50 

5 

1 2,51—3,00 

0 

1 3,01—3.50 

1 


Audi bei kohlehydralreidier Nahrung trelen kpine grosseren 
V'arialionen des Brenzlraubensauregehalts im BJiife auf, was 
aus Tab, 24 hervorgeht. 

Wenn audi der Brenzlraubensauregehalt des Blules beim 
Diabetes oft verhaltnismassig konstanf isf, kann dock die im 
Urin ausgeschiedene Brenztraubensauremenge bisweiien er- 
hebliche Schwankungen zeigen. Abb. 75 zeigt das Schwanken 



:u)7 


TAB. 21. 

Diffcrcnz zwlsclicn l.ucl«stcm uiul nlcflrinslcm Brcir/.traul.cnsiiuroKc 
Iinll im Bliit bel Kohlehyilralzufuhr olmc lURuliiu 


Varialionsbreile 
mg % 

Anzalil FiiBc 

0,01— 0,10 

4 

0,11—0,20 

2 

0,21—0,40 

0 

0,41— 0,GO 

f) 

0 , 01 — 0,so 

2 

0,81 — 1.00 

0 

1,01 — 1,30 

1 

\ 


der Brenzlraubensaureatisscheidung I)ei verhiillnisma.ssig Uon- 
slan(em BrcnztraiibensiiurcgcliaU des IBulc-'; boi zwci Fiillcn 
von Diabetes. Bisweilen beslebt cine inarlvanl 2}.slundenrbylli- 
miscbe Ausschcddung. 

Die Ausscheidungsdiagramme vcran.scliauliclien daber B,i!- 
diing und Versclnvindon dor Bronzlranljcnsamc lin Orgnnisinus 
viel deullicber als die Bcsliimmuig der Brcnzfranbcn.Rnnrcfluk- 
lualionen im Blule, 

Die Bedculung der Kosl fitr die Brciv/.lraubcnsanreau.Rselu'i- 
dimg beim Diabetes ^Yird ans Tab. 25 crsicbtlieb. 



uml nuRfic.cUiclono, Bron,.lrn«- 
Krhebliclie Schwankmigcn der auscoscliicdenen nr..»v 
enswuremenge bei gloichbleibendein BronzIraiibcn.sruirogetiaK des Uliilcs. 


21 
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TAB. 25 . 


" ” .. .1 T.'otnTlliriC. 



Mil Kcloniirie 
Karl B • • • 

Anders A 
Torn A. 

Guslav \V 
Arvid P. 

Ohnc Kclonitric 
Ingcgard K 

iKrgilln S 
Ida B... 

Arvid S. 

Erik U. 


“• ■ ■ , aer Einftass ae, 1 * 

Aus der 

^lydralkosl auE di p.,,^ sie.gi dies ,,, 

deitlich isa l.« einem M de anderen 

‘“.rulir. .lei Jded .viscEien d- ^s-e- 

kcin nennenswerte .^ysgeschiedenen Bi .^^6- 

w nfp--"- -r" '■ 

Xilroncnsiiurc 

Him fiir den oxydai 

Ke BedeuEung des ZHroiiJsa^ 

'■"arBeTsIdrungen 

lulsteidu..;- “S:™* ace 

cioffevcchselsloriEna 
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Zur erslen Orieniiening beziiglich der brage, ob der ZUro- 
nensiiui-eumsalz beim Diabetes gesldrt ist, dient das Sluduim 
der Ausscheidiing der Zitronensaure. Es isl noch niclil moglicb, 
die biocheniische Bedeutnng einer gesteigerten Zitronensiuirc- 
aasscbeidung zu beurleilen, da hierzu u. a. eine eingehende 
Analyse aller ziim Zitronensaurezj'klus gehorender Subslanzen 
crforderlich ware. Eine vermehrlc Ausscheidiing kann jedoch 
auf irgendeine Veranderung ini Verlauf des Zitronensaiueuin- 
satzes und damit auf eine Sldrung der dehydrierenden Pro- 
zcsse in deni oxydativen Abbaii der Kohlehydratc liindeiilcn 
^vgl. IV. Abschnilt). 

Tab. 26 machl die Aiisscbeidung von Zilronensaure, Ziicker 
und /?-Oxybullersaure bei Diabelcs mil lind oline Kelonurie 
ersiclitlich. 


TAB. 26. 

Ausselieirtiuifl von Zitronensaure, Ziiekcr untl .^-Oxyiniltersanre ini 
Ilunijer unrt liei Kolileliydratzufuliv l>el Diabetes 
mil luul oliiic Ketomirie. 



Hunger 


Koblcbydralko.sl 

Diabolcsiypus 

Ausschoidung 8—22 Uhr 

Ausscbeidung 8 — 22 

Ubr 

Zitroncn- 
siiure mg 

.^-O.xybut- 

tcr.s:iure 

mg 

Zuckcr 

rt 

Zitronen- 
saure mg 



Mil Kcfonuric 
Gerda A 

532 

5003 

16,5 

659 

5238 

83,7 

Anna C 

609 

2736 

55,0 

417 

9436 

103,5 

Osten L 

418 

295 

4,7 

482 

no 

63,8 

Ohne Kelonurie 
Elmar D 

927 

0 

5,f> 

1042 

0 

32,0 

Anna N 

815 

0 

2,s 

939 

. 0 

31,8 

Anna L 

787 

0 

0 

712 

0 

0,ic, 


Alls der Tabelle ergibt sich, dass Kohlehydralkost keine kon- 
slanle Wirkung auf die Zilroncnsaureausscheidiiiig. ausiibl, 
und dass keinerlei Parallelisiniis zwisclieu Zilronensaiire- und 
P-OxybiiUersaiireaussclieidiing besleht. Eeim Diabetes obne 
keloiuirie sclieint eine vennebne Ansscbeidiing von Zilronen- 
•saurc vorziiliegen. 
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Zitronensaure .1. 

Oder minder deuHich hervonretod 
orkennen. I„ Abb. 70 " 

von Brenzlraubensaure d-Oivhnii 

tei zwei Fallen von D tabel^ 7 “0 Ht™o„3r„.r 

oensaurr^HungL^peTto^^ T' 

mum an demselben Zeilpunkl wfebeTd^ te”’'!''".™ 
dogcgen nich. mi, dem Ausscheidungsma.i^Tl ^Sv' 
inmersaure zusammenfallend. ,„ diesem Falle 



a 


b 


Abb. 76. rVusscljeidung von Brenzlraubensaure iind Zilronensaiirc im linn?''''' 
and bei Kolilcnh 3 ’dralnahrung. 
a Diabetes mil Ivelonurie. b Diabetes obnc Ketonuric. 

Man beachfe die "cringe Zitronensaiireausscheidung and bn'iflige Brcw- 
Iraubcnsruireaiisscheidung in a bei Kohlenbjdralziifiihr, dagegen alter ni^ 
geringe Brcnztraiibensaureaiisscheidiing bei starker Zitroncnsrnircdiiircsc in > 

im Hunger. 
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iicnsaureausscheidung bei Kohlchydralzufubr nierkbar zuriick, 
wobei die Periodizilat Irolz einer markanlercn rhylhmiscbcn 
Brenzlraubensaureausscheidung versclnvindcl. 

Bei dem zweilen Fall oline Keloniii'ie (Abb. 76 b) isl. die Zitro- 
nensiiureausscheidung sowohl im Hunger %vie bei Kohlcbydral- 
kost sliirker. Hier ist die Brenzlraubensaureausscheidung Nviih- 
rend des Hungerlages ganz uncrhcblich. 

Es liegt also bei diesen Fallen ein Unlerschicd zwischen Dia- 
lietes mil und ohne Kclonurie hinsichllich dcr Zilroneu- 
siuireausscheidung vor. Dies kann das Zeichen einer Slorung 
ini Zilronensaureumsalz und damil im dehydrierenden, oxy- 
dativen Kohlehydralabbau des Organismus scin. Dicse Fragc 
isl noch nichl gekliirl. 


PjTitUn 

Die Dehydricrungsprozesse beim oxydaliven Abbau dcr Koli- 
Ichydrato scfzcn die Milwirkung dehydricrender Fcnnenlsy- 
slcmc Yoraus. Dabci spiell das Pyridin cine hervorragende 
Rolle; es isl als proslhclischc Gruppe in denjenigen Codehydra- 



l!!; irli’i yon Pyridin, Ziickcr iintl ^-Oxybuia'i-sfuirc ini Huiii'er 

lellroichc lirnrihning zum Sinken. ’ 




Ml cmhalien wetehe sid, .,m Kohlcliydralabbau bciciligcn 
I-. 1 S SlMdram der PyrWinausscheidung bei vcrschicdcn™ L- 
men von Diabetes besilzt daher Interesse. 

Das Pyndin tritt nach Field and ilelnick im Harn leils als 
ii’eie Nikotinsaure auf, evtl. an Aminoslickstoff oder Glykokol! 
gckoppelt, mit drehverUgem Stickstoff im Pyridinkern, Icik, 
und zwar zum grossten TeiJ, in methylierter Form als Trigonc!- 
!in mit fiinfwerligem Stickstoff im Kern. Letztere Fraklion 


slnmml grosslenleils aus der Nahrung und besitzt beziigiidi 
dos endogeuen Pyridinumsalzes gelegentlich der Wirkiing dor 
Dehydrasen im Organismus geringeres Interesse. 

Abb. 77 — 80 zeigen die Ausscheidung von Pyridia mil deci- 
werligem Kernstickstoff bei 4 Fallen von Diabetes. 


F(dl 19. Kali E., geb. 1911. 

Kcin Diabetes in der Familie. 

Im Dezember 1938 zunehmcndcs Dur.sigetuld, nabm in 3 Monatoi 
18 kg ab (80 — 62 kg). Der Diabetes wurde im Marz 1939 konstalicrl. 
Erhiclt nie Insutin. Abb. 77 macht die Ausscheidung von Ziickcr, f-Oay- 
buttersaure und Pyridia wahrend des Tages bei Hunger, Kohlehvdrab 
imd Fettprobekost ersichtlich. Die Pyridinausscheidung lasst cine 
deutlidic 24Stimdenperiodizitat erkennen und isl in der Nachl kei 
diesem Fallc fast giinzlich versch-wunden. Bei der Fellprokkosl 
nimmt die Pyridinausscheidung ab. 



7S. Ausscheidungsdir.gronim bci olmc 

, aber gcringc" Zuckerdiuresc inul 
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Fall 20. xVrvid P., gcb. 1891. 

Kin Bnulcr inul cine .Schwcslcr Icidcii an I)ial)etc.s. 

Jm .\ugusl 1980 Dur.sl und beginnende .Mnnagening. (Jleich- 
zeilig wurde dcr Diabetes fcstgesleilt. .Strenge Difit, Pal. nalim in 
zwei .laliren von 82 bis 70 kg ab. Soil I’rfdijalir 19.87 Ilcrabscizung 
des Selivcrniogens, Abnahine dcs Gchors und Olirensausen, .Alveolai'- 
pyorrhoe mil Ausfallcn von Zahnen. Impnlcnlia eoeimdi. Insulin- 
lu'handlung wurde 19.89 wegen allgemcincr Versclilimmcrung des Zvi- 
slands cingclcilel. .\bb. 78 zeigt die I’yridin-. Zneker- und /<-Oxybul- 



lanelcs mil slarkcr Kcloniiric uni 
I'ai'koma .sowic bclraclillichcr Zuk- 
I'crd.urcse, abor rc-laliv gcringer I’v 
ti(linau!;sclu'idiing. 



.M/. .Viissc-luMilungsdiagiaiuni Imi 
bc< rolilirhem Diabeles mil Insulin und 
Nidirungszufubr. .Slaiki- I'viidinaus- 
si-lioidung .sowold bid Kuionurie als 
iiufli naidi ViT.scInvinden derseibcn 
inrolgi; yon SlidgiTung dor Insulin- 
dosis Man lieaidili’ in diusom Pall 
den Parallcli.smus zwistdien I'yiddin- 
>ind Xurki-rausscluddung nacli dein 
.luriiOrcn dcr ludonuric. 
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grammen gehr^So^^ 

Zuckerdiurese «nd Ketonurie am cine erheblidie P ^T' 8‘Ser 
Iiandelt, ^velcbe auch bei diesem f 2 eiae meS 
dizitat mit dnem Minimum in der L?b? SS 

Pall 2J. Elis S., geb. 1894. 

Ein Bruder des Vaters hat Diabetes. 

SlSjnf-f ™ festgcsldll. 1930 Stagenscsdiwir. 

Mrenge Didt, Verscblimmerung. Im September 1932 plotzlich cua- 

iendes Durstgeftihl, nun auch Sauren im Urin. Strenge Dial. Neirosc 
Beschwerden mit Krampfen und Kolikschmerzen. Insulinbchand- 
lung Avurde 1934 eingcleitet. In Abb. 79 findet man die p 3 Tidin., 
Zucker- und /J-Oxybuttersaureausscheidung bei Hunger und Nali' 
rungszufuhr mit Insulin. Trotz Zuckerdiurese, erhebliclier Kelonuric 
und Prackoma bei Verminderung der Isulindosis lag bier nur einc 
geringfugige Pyridinausscheidung vor, auch in diesem Fallc 21slun- 
denperiodisch mit einem Ausscheidungsminimum in der Nacht. 


Fall 22. Nils K., geb. 1904. 

Keine erbliche Veranlagung fur Diabetes. 

Im November 1939 plotzlich einselzendes Durslgefubl, Pat. nalim 
in einer Woche 7 kg ab. Es wurde da der Diabetes konslaliert und 
cine Insulinbehandlung eingcleitet. Abb. 80 macht cine rechl starkc 
Pyridinausscheidung ersichtlich, die teihveise der Zuckerdiurese folgt, 
aber anscheinend von der bei gesteigerter Insulindosis vollig ver- 
schwindenden y?-Oxybuttersaureausscheidung ganz unabhangig ist. 


Die Bedeutung einer A^ennehrlen Pyridinausscheidung bcim 
Diabetes ist noch unbekannt. Dieselbe folgt der Zuckeraus- 
scheiduiig nicht obligat und hangt Avahrscheinlich nicht von 
der Ketonurie und Ketonkorperbildung ab. Auffallend ist i a 
24stundenperiodischer Verlauf, off mit zwei Maxima am Tagc. 
einem am Vor- und einem am Nachmittag, sowie die Abnalmte 
Avahrend der Nacht. Wahrscheinlich spiegelt die Pyndinaus- 
scheidung den endogenen Rhythmus mit seinen Avechselndc 
Pbasen ^^ider und iindert sich mit den Assimilatmns. und P ' 
similationsperioden des Organismus. Abb. 81 zeig 

kurven der Pyridin- imd BrenzlreubensSureaussctadun J 

kelonkorperWldenden Diabetes im 

und Fetlkost. Abb, 82 entsprechende Kurven 

Ketonkorperbildung. Auffallend ist, dass die }ri 

d„„g in beiden Fallen im 

schen Verlauf mit Maxima urn 10 und 18 U 
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« 

yll)!;. SI. Aiisscheidungsdingranini bci Diabetes mil Kclonurie im Hunger sowic 
bci lcolileli}’drat- und fcllrcicber Kost (Millclwerlkurven von 22 I'ldlcn ohne 
Insulin). Zu beachlcn isl die slarkc, periodische Pyridinnussebeiduug im Hun- 
ger mit eincni Brenzlraubcnsaurcmaximum abwcchselnd mil den Maxima dcs 
Pyridins. Die Pyridinaussclicidung avird bci fcltrcicbcr KosV gcringcr. /?-Oxy- 
bultcrsfvureausscliciduug im Hunger am slfirkslcn. 



25 pSn (MiUchvcrlkur- 
bei V-riul a n ^ Insulin). Pyridinaussclicidung im Hunger am slarkslcn 
Ivoblehydratkosl gcringcr und bci feltrcichcr Ernalirung abnehmend 
Ciesteigcrle Brcnzlraubcnsaurcaussclieidung bci Kolilcliydratkost. 


(lic^\\vridina«TschciduL^tL^^^^^^^ 

i. eU<e,o„Mrper.,i.c,e„do;Diabe;e“^^^^ 

j. inm,ngs.,,f„l,r n.achl die Pyridine., sscl,cid„„g „ichl slir 

I'C. als „„ Hanger, „„d hei Fellkosl ergil.i sich 7,1 , 

erne i,,erltl,a,'c Abnahmc dwsclbcn. Es liaf daher dm Ansel, ein' 
=l.s o , e,„c lellreicbc Erniiln-nng den K 6 ,por spczWI 
uidinvc-luslc schiilzl and daniil womoglici, and, die *. 
i>diicioiidcn 1 ‘eriiienlsysfemc dcssciben vor dem Zerfall be- 
'\alirl, Dio pliysiologisch-diemisclie Bedciitung der Pyridin- 
nusschcidiing isi alJcrdings nodi ungeklart. 


Dio CljoJinaiissdiciduiifi bcini Dinhetes 


Jit'iin kelonkdrperbildendcii Diabetes die Insulinwir- 
kung nacidasst, dann ninimf die KefonkorperbiJdung zii. Du- 
bei werden glcichlaufcnd mil der vermchrten /?-Oxybu{fersaurc 
auch Phospliorsaurc und Gholin in gesteigerten Mengen aus- 
gcscliieden (vgl. S. 297). Wird die Jnsulinbehandliing einge- 
Icifel, so golil die Pliosphorsaure-, Gholin- nnd /?-Oxybutlei'- 
si'Hivcnusschcichmg wieder zuriick (Abb. 68). 


Dieser Sadiverliall deutet darauf bin, dass die /5-O.xYbuUer- 
.saiircbiJdung wahrsclieinlidi mil cincr Slorung ini Phosphaiicl- 
umsalz /.usainmenhangl. Man hal den Eindruck, dass das I'eU, 
.um in normaler Wcisc verbrannl werden zii konnen wie die 
JCoIiIcliydrale, pliosplioryliert werden nnd mil einer Siicksloff- 
base, z. B. Gholin, gekoppeil in einen Phosphatidkoniplex cnigc- 
lien muss. Ersl dann scheiiil der normale oxydalive Abbau der 
FcKsauren vor sicli zii gchen. Das Gliolin spielt moglichei- 
weise im Fctlsloffweclisel cine ahnliche Bolle wie die Cozy- 
inase beini KobleJiydralabbau, aber liieiiibcr ist nocli i 
bekannl. Die Herabselzung der Gholin-, Phospborsaiire' 
/7-O.xybuHersaiireausscheidung diirch Insulin (vg . 

S. 298 ) deulel dainill' bin, dass das Insulin irgendivic m i 
I>l,ospl,aU<li,n,snls ai„g.eift. enl'vedcr in, Sinne emer i e . 
rung dor Pl.osphalidsynihosc odor don Zorfali dor P .os W* 
liommcnd. Dor orhOhlc Chylomikiongcliail dcs Bltip. 
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TAB. 27. 

Aiisfii'scliioilpiie riioliii- iintl .^-O.vybiiUrrsiiiirpinenfjcn Iipi Diiiliclcs 
iiiit iiiul oliiu' Kpfoiikdriicrliildiiiid iiii IIiin{|cr olinc Insulin. 



unler dom Einflnss cics Insulins (v»I. S. 33) knnn vidloiclil das 
J>cl.en e.ner Phosphalidsynlhesc scin, ab.r dioso Fra-c* isl 

zwisrl"' ^ konslanles Grossenverhallnis 

Chen ausgcsclnedcnoin Cholin iind /^-Oxvl)uilersauro l)ei 

Ckolininengen, wie es'ai.s 3al,. 27 er- 
Mchlhch Mird. 1 st ein Hinweis auf cine .rowis... v.,- • i 

^-schen Cholin. nnd /.A)x>dndte.-san.-eanssd^ 

mehr. Walirscheinlich inlLTlerieren hier an- 
^fstande kommr^nc^rlj i^lj' Au.ssclieidungsquolionI 












<ke ChoImausschcMung 6-20 Uiir hei 52*F8iie„*TO'7" 
'rio. 42 mil „„d 10 o„„e Kelom,™ (kor^poti™; t 
iiiMichu'ig an dcmselbcn Palicnlcn in, Hunger, l,ci Koil. 
li) tlialliosl unci t'cwohnlichcr Kosl), 


TAB. 28. 


rtes T«f,e.s ],„ ir„„fler und Bel Naliruuflszufuhr ausflcschic. 
dene Cholinmenjjcn bei FillJcu con Dhibclcs iiiit uml 
ohne KcfonlcorpcrbiI(hni}j. 


Typiis 


Olinc Insulin 

Mil Insulin 

Cholin 
mg/14 St 

/^-Oxybul- 
Icrsaurc 
mg/14 st 

Cliolin 
mg/14 St 

,1-Osybut- 
(ersaure 
mg/U st 

niit Kelonurie 

Hunger 

351 

229G 



A u. 0 

Kojnchydrnlkost . . 

250 

1270 

70 

107 


gcwohnliclic Kosl.. 

70 

284 

46 

103 

ohne Kelonurie 

Hunger 

CO 

0 



n 

Kolilcliydrallvosl. . 

143 

0 

94 

0 


gcwSlinliclic Kosl.. 

173 

0 

45 

1) 


Wire! Nahrung zugefiihrt, so sinkt die Cholinausscheidiing 
In'.im Diahelcs mil Keloniiric auch ohne Lisulin. Besieht dage^ 
gen keinc Kelonurie, dann ist die Cholinausscheidiing iw 
Hunger am geringslen, sleigl aber bei Nahningszufuhr. Hm 
sichllich (ler Cholinausscheidiing scheinl daher ein gnindsatz- 
licher Untcrschied zwischen DiabclesfornTcn mil nnd ohne 
Kelonurie vorzulicgen. 


Alkoliolhildunci bcim Diabetes 

Liegl beini Diabclcs eine Stoning im oxydafiicn 
vohlehydrale vor, so kann cs zu einer Anhiuifuiig von . • 

>en Abbauproduklen kommen. Besonderes jn 

lezichung besitzl das Auflrelen des Atlnja -o io , 
rosserer Menge deleliire Wirkungen auf Gewebe 




ja zur Genugc bckaiiiil sind. ScUou novuialcrwcisc cnlhallcn 
Blut tind Urin kleine Mengon yon Athylalkoliol, das Blul clwa 

10 50 ing%. Bei gcwissen Fallen von Diabelcs lassl sicli Al- 

kohol in erheblich grossercn Mengen nadnvcisen. Die bei An- 
aerobic auflrelende Alkoholbildung ist in vielcn Fallen auffal- 
lend periodiseb, mil vorubergehendeu Sleigcrungcn dcs Blnl- 
alkobols und Ansscbeidiingswellen im Urin aiicb bei Hunger. 

Der bei Slorungen im ZwiscbcnslofDvccbscl nnflrelende Al- 
kohol erscheint im Blule leihveisc niehr oder weniger fcsl an 
Fiweiss gebunden, womoglich als Subslral an sein Fcrnicnl- 
prolein gekoppeU. Man erhiill dabei den Alkohol in freicr Form 


TAB. 29. 

Alkohol iiu Blut Iici DIahelcs. 


DiabPloslypus 


1/(7 Alkoholbildung 
Sp(;rling, G., 

Hunger 134 231 130 

Gunnar 0., 

Hunger 411(14 0 

Gustaf L., 

Hunger 10.") 409 33 

Gcwiiiinl. Kost. . 63 32 84 
Lars 0., 

Kohlchjdralkosl 118197 114 
Gewohnl. 

Kosl 4- Insulin. , 

Ingvar 0., 

Gewohnl. Kosl + 

Insulin 

Obne AlkoboM- 
dang 

Neslor H,, Hunger 
Erik K., Hunger.. 

Ada H., Hunger.. 

Anna N., Hunger 
Hune 0., Hunger 


Rlul mg % 

Alkohol 

Zuckcr 

Uhr 

Uhr 


IG 18 


Urin 


Aiisgcschicilcnn 


tersiinre 

tng 



128 193 

82 126 

120 
44 

123 277 235 3311 
43 325 390 428 


141 0 

86 7 

198 19,7 

435 130 

325 106 

485 209 


1328 193 214 222 161 199 1.50 



247 



186 


353 

186 

369 

155 

346 

14S 

338 

346 

m 



















'lu.ch die Hydrolyse, velchc bei Alkobolbcsliimmiiigcn i„ sa». 
■w Losung sponlai, erfolgl. Dies isl !,ci der Frieda, a,. -Ida, ,a- 
sehen lieslimmungsmclhode (S. 432) dcr Fall, al,er nichl l,oi 

der Widmarkschen, iveshalb diese miliiiiler criiclilidi iiittlri- 
gere Weric licferl. 

Inb. 29 zeigl die Fluklualionen des Alkohofgehalts des 
]}lules wahrend des Tages bei zehn Fallen von Diabetes, fiinf 
mil iind fiinf ohiie Alkoholbildung. Auch Blulzuckergelialt 
nach Hagcdoni an denselben Zcilpunklen sowie die im Laiife 
des Tages aiisgcschiedenen Mengen von Zucker un{| /?-0xy- 
I)nflersaurc sind aiigegeben. Ans der Tabelle ergibt sich, dass 
})ei nlkobolbildendcn Diabelesfornien im Hunger ein deutliclies 
Alkohobnaxiimim nni 12 Uhr auflritf, das bei Nahrungszufiilir 
inchr odor minder stark verschoben werden kann. Irgendeine 
i'})ereinsliininiing zwischen Hdhe des Blnizuckerweris and Al- 
koholgehall des Blules liegt nicbl vor. Die Alkoholbildung cr- 
folgl unaldiiingig von Zuckerdiurese und Kelonurie. 

Die, Alkoholausscheidung im Urin folgl ieihveise dem erhoh- 
ten Alkoholgchalt des Blules. Abb, 83 macht den Blulalkoliol 



-inrm 24 ♦ « ‘ 

Zt!f 


.I IMS 0, Kdilchyilrntprobekosl. Insalin i" 

\ 0.; SnlS'lSS. insslir. 



scnvie die cntsprcclicndc pro Zweislundeninlcrvnli aus'’c.schi('- 
dene Alkoliolmcnge ersichtlicli. Die Zunahnie des Hlulalkoliols 
gehl mil ciner gesleigerlen Alkoholaussclieidung Hand in 
Hand, ai)or der Alkoliol ini Urin kann wie die Hrenzlranhen- 
saure aiicii hoi relaliv gleielildciliendcm Alkoliolgohall des 
Isliilcs von Slunde zu Slunde woehseln (AI)!). S.'lc). 

Die der Alkoliolausscheidung cnlspreehende Zucker- und /»’- 
(ixyi)ul(crsaureaussclieidung gehl aus Aiih. tSl a. b und e lier- 
vor (dersoil)o Palienl an den gleielien 'I'agen). 


I" 



n 1) 

M'kSi. Aiisscliciduiii-silinRinmnu-. die iin.1 « - 

in. r.i.. e.a., ...... end de.- dd^ a: A,Ki '"K:;:''- 

slarHi! machen ersiehUich, dass (iie 

ZuckUd- ^ Maxinunn der 

‘liure e rre-' ••^'•^oholbildung und Zueker- 

i schemen el.er ni eino.n gewissen gegensalzliclien Ver- 
"•iimis zuemander zu slelicn. 

Uw!',':,';"’''"""'® cinen oxvtlMivcn K„l.. 

o in 

<">'■= Knlnnnm., mils in, Hung,.,. ,,,,<1 mils Inn 
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Ahh S5. Aiissclicitlung von Alkohol, Zitroncnsaurc 
hei Kohlcliydralkost oline Insulin bci zwci 


b 

iind Zuckcr im Htingor iinil 
Fallen von Diabetes. 


a Diabetes oline Ketomine. ;i„„. 

„ .„u - 


Kohlehyd.-.-ilkosl. Die AIkol.o!aussehe>d™g 
i,ydralreld.er N.ahrung nichl, „„enl. 

gewissen Fallen eine deull.che ei„e geski- 

lich bei Dtabeles roil Ketonune_ D ^ 

gene oxydative Urosel.ung 

„ydr.alen bin. Dagegen romrol erMbk 

Bei Diabeles ohne f ^ ,,eisl einen pK* 

Zilronensaureausscheidung. „jl den 24Slnn*"- 

schen Weclisel auf, milunler g ■ wahrsche®- 

" rialionen d- Alkoholanssch^ ,,d de» 

Uch, dass ”ewisser Zusanimenhaiig hesfe>- 

Zitronensaureumsatz em ^ 

aber diese Frage ist noch mcht spi 





Die kliiiisclie Analyse des diabetisclien Ziislaiids 


Alls dem Vorslelienden wird ersichllich, dass cin einfaclios 
Studium des Reduklionsverniogens des Blulcs als Ausduick 
des Zuckergelialts desselben keinc Riclilscliniir fiir die Reiulci- 
lung eines Diabelesfalls abgeben kann iind cliensowenig einen 
siclieren Eindruck von den Kohlchydralcn iin Rlul zu vcimil- 
leln vermag. Reim Diabeles, wo der Koblebydralabbau gesldil 
isf, weiss man liberbanpl nichl, was man mil den iibliclien 
Rlutzuckerbeslimmungsmelboden cigenllicb bcslimml. In der 
laiifenden klinisclien Roulinearboit blelel eine genancre pliysio- 
logisch-chemische Analyse dor Kohlebydrale des Rlules 
Schwierigkeilen, nnd infolgedessen macbl sicb lieim Diabeles 
in bezug anf die Redenlimg des Bluiznckerwerls cine selir 
grosse Unsichcrhcit gellend. Fiir eine ralioncllc Diabelcstbcra- 
pic isl alls diesem Griinde das Sliidiiim des Bliilziickcrrediik- 


lionswerls cine selir iinvollkommenc Hilfc. Man muss sicli da- 
lier aiif andcren Wegen Klarheil fiber das Wcsen der Sloff- 
wecliselveranderiing zu vcrscbaffen siicben. 

In vielen Bezieluingen luilerscheidcn sicli, wie obcn bcsebrie- 
ben, die kelonkorperbildcnden Diabclesformcn von den nichl 
kelonkorperbildenden. Eine Gruppierung der cinzclncn Dia- 
belesfalle mil Riicksiclit auf das Vorkommen von Keloiuiric 
gewiihrt dalier eine ersle Moglichkcit zu cincm verlicflcn Slu- 
diuin des Diabelesproblems. In vielen Fallen niinnil die Ke- 
lonkorperbildung bei sinkenden Blulzuckcrwcrlen zn (S. 280). 
Der Hyperglykiimie kann bei diesen Fiillcn eine kompcnsalo- 
rische Bedeulung zugeschrieben wcrden, im Sinne einer Bc- 


scbrankung der Kelonkorperbildiing, indem sic mil einer Bes- 
scning des Fell-Lipoidsloffwechsels iind einer Verminderung 
der Cliolinausscbeidung iiiid Keloniirie einlicrgcbl (vgl. Tab. 
-8 S. 318). .Der delelare Einfliiss der Unlcrernabrung beim 
Diabeles gehl u. a. aus der Talsaclie bervor, dass aiicb die 
Pyridinausscheidmig im Hunger trolz Verschwindens der Zuk- 
kCTdiurese lioch isl. Dies gill ebenso fiir Diabelesformen mil 
''le oline Kelonurie. Wenn die vermebrle Pyridinaussclieidung 
der .\iisdnick eines Deliydrasezerfalls im Organismus (vgl. S. 


22 
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..ervo...e,o.,<,e Sc.aaig„„g a. 

iTie (les Korpers zur Folge hat. Dadurch Icommt es zAl 
mngen m den biologischcn Oxydationsprozessen mil Veriin. 
deriingcn des Kohlehydralstoffwechsels, was sich a. a. diirdi 
cine gesleigerle Kelonkorperbildung im Hunger bemerkkr 
macht. 

Die bci ketonkorperbildendem Diabetes im Hunger gedei- 
gerle Cholinaiisscheidung ist ebenfalls ein Hinweis aiif die 
Scliadigung, weicbe dem Organismns durch den Nahriings- 
mangel zugefugt wird, auch wenn die Zuckcrausscljeidung 
^'e^•sch^vindel. 

Ein anderer Exponent der Stoffwechselslorung hi das Aiif- 
trelcn von anaeroben Abbauprodukten in grosseren Mengeu 
Dierzu gehort der Atliylalkoholj der bei gewissen Diabelesfor- 
inen aucli im Hunger periodisch auftrilt (vgl. S. 318). Derseibe 
nimmt bei Kohlebydratzufubr nidrt nennenswert zu. Ein er- 
libblcr Blulzuckerwert Icann der Arisdruck einer mil Anaerobic 
verbundenen Slorung im Kohlehydratumsatz sein, aber der Al- 

koiiolgehalt des Blules ist naebt obligai an die Hdlie des Bliil- 
zuckerreduktionswerts gebnnden (vgl Tab. 28 S. 319). Mog- 
licheT\Yeise baufen sich noch andere anaerobe Abbauprodukle 
mit bisher unbekannter Wirkung an, welclie den Muktions- 
wert des Blutes erhohen, aber diese Frage ist nocii unge os 

Die w’irksamen Faktoren der Blulzuckerregidafioa 

den physiologiscii-diemiscben Vorgiingen im 

.u-ingig, Unscro Kenn.nisse fiber fiie Biorhe* 

regulation sind allerdings noch sehr luck E 

Stoffwecbselstorung liauptsachbch die abmc 

regulation, so niachen sich die Zeichen 

Nahrungsbclastung, weniger r^rdiurese bei siiv 

hierfur sind u. a. das Verschwin^den dei 

kendem Blutzudicrspicgel, das Fehlen v 

rige Cholinaiisscheidung bei .gri, und die Zuk- 

o TUntviir.ker''^”’ 

rung 

kerdiurese nimmt zu. 


zugefuhrt wird, steigt der Blulzucker 

.,.x.urese nimmt zu. . 

Spielt sich im Gegerisatz.bierzu Je 



basalen Regulalionsmechanisnius ab, so zeigl sic sich sowohl 
Im Hunger we bei Nahrungsbelaslung. Im Hunger trill cine 
erhohte Ketonurie, Phosphor- und Cholinausscheidung bei sin- 
kenden Blulzuckerwerlen auf, bei Nahrungszufuhr mil sleigen- 
dem Blulzuckergehall eine vermehrte Zuckcrdiurcse bei ab- 
nehmender Ketonurie. Dies kann auf cine Slorung iin Plios- 
phorylierungsprozcss hindeulen, welche im Hunger starker wird. 

Eine systematische Analyse von Ausschcidungsdiagrammen 
gewalirl hierdurch eine Moglichkeit, den Cliarakler der Sloff- 
wecliselslorung genauer zu sludieren, und damit eine besscrc 
Richtschnur fiir die Beurleihing dcs Diabelesfalls als die Un- 
tersuchung des Blulzuckerreduktionswerl, die l)ishcr in gros- 
sem Umfang beim klinischen Diabctesslndium massgebend 
gewesen isl, aber nicliLs viber das Wcsen dcs Diabelesfalls sagl. 

Von diesem Gesichtspunkt ausgchend babe ich cin klinischos 
Diabelesmalerial, welches aus iiber 1900 Diabolesfrdlen von 
verschiedenen Typen bestehl, niilior analyslert und mil syslc- 
mafischen Ausschcidungsdiagrammen an bcslimmlcn Bcob- 
achlungslagen verfolgt. 

Eine vollsUiiidige Unlcrsuclmngsscric cnlhiilt fiinf Probelage 
(24 Slunden): 


1. Kohlehydratprobekosl, 

2. Hunger, 

3. Kohlehydratprobekosl, 

4. Fellprobekost, 

5. Kohlehydralprobckosl ; 


(lann Einslelliing dcs Kranken auf cine gcmischic Normalkosl 
Oder diejenigen Koslbcschrankungen, Avelche bei dem spcziellon 
I'all erforderlich sein konnen. 

An den Probelagen isl das Kostrcgime folgcndes: 


^^ohlebijdratprobekost. 

8 Uhr: 50 g Weissbrol, 10 g Butter, 20 g Kalbfleisch (auf 
BuUerbrol), 20 g Magcrkiise Tee Oder Kaffce ohnc 
Zucker und Sahne. 

12 Uhr. 30 g Wei^brot, 5 g Butter, 1 gekochtes Ei, 200 ccm 
Milch + Tee oder Kaffee. 
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16 Uhr: wie 8 Uhr. 
20 Uhl’; wie 12 Uhr. 


I'ettprobckosl. 

8 Uhr: 10 g Weissbrol, 25 g BiiUer, 20 g Kalbfjpiscli, 20 « 
Mngerica.se -j- Tee odcr Kaffee ohne ;Zucker iind 
Saline. i 

12 Uhr: 10 g Brot, 20 g Butter, 1 gekochtes Ei, 200 ccm Milelt 
-f Tee Oder Kaffee ohne Zucker iind Saline. 

10 Uhr: wie 8 Uhr. 

20 Uhr: wie 12 Uhr. 


Dazii Wasser Oder Minerahvasser nach Belieben gcgcn don 

Am Hungerlage dnrf dcr Kranim von 20 
J.cnden Abend bis 8 Uhr am niicbslen M-?™ ^ * 

.,„.g sicb nehmen, weslmlb d c « ^ 

mnfassU an dies™ Tage '"f 

Durst zuseriihrt, evil. Tee odei Kaf e in 

Wiihrend dieser Probetage wird d uhr 

gleichmassigcn Zweistundenmteiva en Harnportion 

:„wio alio vior Slunden M”' 

warden routinemassig Ji,L,„„eleMrode and 6«‘- 

pH- Wert im ZeiHalervJ ««'■ 

„:3cbiedene AmmoniaUm»geJF-^^^^ 

hit, Gesamtazeton, /?- Patient zu Belt 

der Probetage. an welchen d variation 

Ugc Muskelarbeil z« s,„„aen sov'ie die 

der Korpetlemperalur a le .j, ^„„troll«rt. 

- »*s; 

'’Iw to &anke insulinbeh^dlnm^^ 

sulindosis 'vahrond „„ „acl. M8Sliol*«‘ “ „„ 

SubrittfUrScWt h- Hierdurch kana 

insulinfreien Hun.,erta« 



Klarlicil iibcr die KclonkdrpcrbUduug und don Schweregrad 
des Diabclesfalls erbalten. Bei den schwereu Dialjelesfiillen isl 
cs nicbl mogUcb, cinen iusulinfreien Hungerlag zu crrcichcn, 
da die /?-Oxybultcrsaurcbildung bci iingcniigender Ainmoniak- 
bildiing und sinkcndeni Aininoniak-/?-Oxybiillcrsuuiec]uoiienl 
zu stark wird. Wenn dabei dcr pH- Wert dos Urins sinkl, enl- 
wickclt sicli ein Pi’aekoma, welches bald in ein Koma iiber- 
gelieii kaiin, falls nicbl wiedcr Insulin cingc^clzl odcr die In- 
siilindosis gesleigcrl wird. Bei weniger schweren Diabclcsfal- 
len kaiin das Insulin dagegen ohne Scbwicrigkeilcn cinen oder 
melirere Tage ausgcselzl werden. zum Zweek eincs cingchende- 
ron SUidiums dcr Sloffwccbsclsldrung. 

Die Ausscheidungsdiagrainmc lasscn drei bcsliiuinl zu unlcr- 
sclieidende Diabelcslypcn erkennen, wclcbc dcr Einfachlicil 
lialbcr als Diabetes vom Typus A, Typus B und Tyj)us 0 bc- 
zeichnet werden. Der letztc Typus entsprichl eincm bedrob- 
licben Diabetes, bci dem das Insulin niebt eininal 24 Sliinden 
lang entbchrlicb ist (0 insulinfreier Tag), obnc dass sicb ein 
Prackoma odcr Koma cnlwickelt. llier liegl cine vilale Indika- 
lion zur Insulinljchandlung vor. Das Wcglasscn aucb nur einer 
eiiizigcn Insulindosis kann bei diesen Fallen infolge der slarken 
und raschen Kcloukorpcrbildung dem Kranken zum Verbiing- 
nis werden. 


Diabetes voiu Typus A 

Dicser Diabcicshjp luird dadiirch gckcimzdchmd , dans; im 
Ihmgcr odcr bci Ncdiningscntziclwug glcichzcitig mil dcr Ab- 
I'.ahmc odcr dem Aiiflwrcn dcr Znckcrdiiircsc cine KetonkOr- 
perbildimg mil Ketonuric cinsetzt. Dcr Blulzuckerwerl kann 
eabei normal Oder erbolU scin. Bei vermebrlcr Koblcbydral- 
zufiilu- steigt dcr Blutzuckerwerl, wobci die Zuckerdiuresc zu- 
lummt. Gleichzcitig wird die Kctomirie gcringer odor ver- 
sdiwindet ganz. 

In leichtcren Fallen isl die Kctosaurenbildung beim A-Dia- 
bete erne milssige und wird von einer Kompensationsbyper- 
^lykamic unlerdriickt. Dadurcb, dass die Ammoniakbildung 



nnreichend isl, hleibt der Aminoniak-/?.OxybiiUer-i;iure(iuo 

JCiU grosser als 1, was ziir Folge hat, dass der pH-WerNes 
la ms mcht aiif knlische Werle siakt. Trotz der Ketosauren- 
hildimg kommt cs daher aiich im Hunger niclit zu einer Nie- 
rcnscnadigung oder zu cinem Praekoma. 

hall 23 is! ein Beispiel fiir einen A-Diabetes von dieser Arl: 

Fall 23. Matilda C., geb. 1873. 

Kcinc crblichc Veranlagung fur Diabetes. In den Jahren 1915- 
1923 Gallenslcinbcscluvcrden; nie iklerisch. In den.lefzten Jalircn 
bcschwcrdcfrei, nicht operiert. Im Marz 1933 starkes DursIgcfOW, 
Mudigkeit und Abmagerung (nabm in einem Monat 7 kg ab), Es 
wurdc der Diabetes konslaliert und der Patientin strenge Dial vcr- 
ordnct, wobei der Zitckcr vcrschwand. Seit dieser Zeit Hcrzbc- 
schwerden init Opprcssionsgefuhl und zeitweisc prackordialcii 
Schinerzen sowie Knochelodemen. 26. 1. 1938 Lange 159 cm, Gewicbi 
78,9 kg. Blutdruck 190/100. Herz: Tone dumpf, rein, keine Gerauschc. 
Keine An'liythmie. Ekg; Cardioscleros levis. 

Das Ausschcidungsdiagramin bei der Bcobachlung im Mai 1938 id 
in Abb. 86 wicdcrgegcbcn. 

Das Diagramni zcigt am Ilungcrlagc deullich hervorlrclcndc ciitio- 
gene /y-Oxybutlcrsaiirewellcn und vei-sclnvindende Zuckcrdiuresc. 
Im Gegensatz zur Ictzlcrcu nimmt die //-O.xybullersaureaiisscheidung 


Matilda C 65Jahr 


^l%er 1 FellprcMtisf 1 




rmnnrrv i msxo » « » » 


f ^ $ a IS 20 0 ♦ 


s 12 10 20 0 * 


_ Tvn7i? A. Im Hung':*' 

Ahb. S6. Aussdicidungsdiagramm henvr, 

bei beschrankter NahrungS2ufuhr jiie Zuckeraiissclicidung 










/3-<7x^0utffrsaurt 

H^rnruO.,^ Vi>' 
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bci Kohleliydrallcosl ab iind bei Fellkosl zu; sic vcrschwindcl am 
zweilcn Tage mil gcwohnliclier gcmisclicr Kost. Die Ammoniak- 
ausschcidiing weist dabci cine Slcigcning auf. 

Bci den leichtcslcn Graden dieses Diabelcslyps kann cine 
Kompensationshyperglykaniie dazu geniigen, die Kclonkorpcr- 
bildung in Schach zu hallcn. Nicht cinmal ini Ilimgcr inacbl 
sicli da cine nennensAVcrle Ketonuric bcmcrkliar. Sinkt dage- 
gen dcr Blulzuckcnvcrt, dann bcginnl auch Iiicr die cigcnllicbc 
Stoffwechsclstorung licrvorzulreien, sic zcigl sicli da in Form 
einor Yoriibergelicndcn Keloiiuric. Diese vcrsclnvindcl, ivcnn 
der Blutzuckerspiegel liei Kolildiydralzufubr ivicdcr sleigl. 
Das folgende Beispiel vcranschaulicbt dicsen Typ: 

Fall 2'i. Jan L., geb. 1918. 

Kcine crblichc Vcranlagiing fur Diabetes. Soil Fnllijalir 1935 zcil- 
iveise Durslgefuhl and Perioden von Miidigkcit. Iin Maj 193G wiirdc 
dcr Diabetes zufallig cntdcckl (artzlichc Untcrsiiclning zwceks Bc- 
willigung dcs Fulircrscbcins fur Kraftwagen). 

Die bier folgende Abbildung 87 zcigl die Ausscheidungskurven an 
den Probetagen sowic die ‘NYirkung von Insulin auf die Zuckcrdiiircsc. 

Am Ilungertage, d. 9. Vllf., keinc Glykosuric. Dcr Blutzuckcrgchalt 
steigt wahrend dcs Hungertages auf scinen hochsten Wert, 210 mg?o 
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Slue r- "■» 

Ijei goslcigcrlci- KoHchydralz„r„L Lte 
slicg (lie Ziickerdiurescs auf Imhn \\w,^ t S="''''>">'':tar KosI 
ko.Tcra„.sd.ci<I„„g. aL ™ ,5 xnl !’ “‘^P^hcnde Kcta. 
■sclraand die ZiicterausscMdun^; " ™<l'. «■■• 

IJci dicscn Diabelcsfomwn ist die Zuacrausseheid.i„g sekua 
<hr M emer kompensaloriscl.en Hyperglyltiimie. Die priniirc 
■ c mdigung ist boi diescn b'ailen eine Stomng im Intcmcdiar- 
alomvccliscl infolge von Insulinmangel. Die bnsalc Blabuckcr. 
regulation kann dabei mehr oder weniger schw gesfort sein. 
Die IIypcrgl 5 dcamie ist bei diescn Fallen als das Aquivalent 
ciner Ivetonkbrpcrbildung zu betraebien. In scbwerereii Fallen 
reicbl der basale Rcgulalionsmecbanismus nicht aus, am die 
Sloffwechselsldrung zu kompensieren, wobei die Kelosaurcii- 
luldiing iibcrbandnimmt iind sicb bei niangelnder Kohleliydral- 
zufubr ein Prackonia entwickelt. Der folgende Fall isteinBci- 
spiel fiir cinen sebwereren A-Diabetes mit Praekonia im An- 
schluss an einen Hungertag, bei dem die Insulinbehandliing 
■wegen der Art der Stoffwechselstorung unenlbebrlich war. 


Fall 25. Margit S., geb. 1912. 

MuPer der PaJ. Icidct an Diabeles. bn Fruhjahr 1939 begann die 
Pat. tinier Durslgcfuhl, Aludigkcit zu Iciden und nah'm in funf Mo- 
nalen 8 kg ab. Im Jiili d. J. Avurdc der Diabeles festgeslllt. Dial- 
vorschrift: 75 g Brot, 2 Karloffeln, 2 Eier, 200 g Sahne, 100 g Fleisch, 
Butter frei. War bei dicser Dial zeitweise zuckerfrei, aber nach wic 
Yor schr mude. Konnle jedoch arbeiten. Bei naherer Anal)se dcs 
Diabeles wurde das hier wiedergegebene Ausscheidungsdiagranim 
(Abb. 88) erbalten. 

Aus dem Diagramm wird ersichtlich, dass eine starke Kelonkorper 
bildung Yorlag, welchc am Hungertage cine intensive fi-Ox} u c’’ 

saureausscheidung ohne entsprechende Ammoniakbildung ^crursac c- 

Der pH-AVert des Urins sank Avahrend des Hungertages ton a, 
auf 5,0. Gleichzeilig mit der starlkcn /?-Oxybuttersaureaussc lei u 
Avurde der Urin zuckerfrei, und der BlulzuckerAA'ert sank am ‘**’^*^ 
tages A’on 160 auf 65. In der Nacht nach dem 
Dbelkeit und praekomaloses Erbrechen ein, am nachsten org 
IlerzbeschAverden, AA^eshalb nach dem Hungertage Insulin get, 
AA’erden mussle und eine dauernde Insulinbehandlung einge 
AAmrde. 




Abb. SS. Ausschcidungsdiagrainm bci Diabetes voin Typus A mil sciir inlcn- 
siver Kctonborperbildung, so dass sidi iin Anscldiiss an cinen llnngcrlag ein 
praclcomaloser Zustand init Erbreeben mid llcrzbescbwerden ciilwickcltc. Die 
InsiiJinbebandluiig nnissic unveizflglich’eingcJcitct ivcrdcn (fndicatio vilalis!). 

Bci Fallen von seUwererem A-Diubelcs mil hochgradigeren 
Sfdrungen in der ba^alen Blutzuckcrrcgulalion isl der Blul- 
zuckerwert in bezug auf den Zusland irreCubrend. Bci diescu 
lallen kann bei mangelnder Koblebydralzufnhr der Blut- 
ziickerspiegel auf normale oder subnormale AA^erte sinken, iind 
/.war gleiclizeitig mil oiner zunebmenden Kelonkbrperbildung. 
Bei verbaltnismassig Teichlicher Kohlebydratzufubr kann in 
iliesen Fallen eine kompensalorisobc Hyperglykiimie der Kc- 
lonkorperbildung bis zu einem gewissen Grade enlgcgcnwirkcn 
imd dadnreb den Zusland verbessern. In der bier folgenden 
Tabelle 30 findet man eine Znsannnenslelbing von 10 Diabeles- 
killcn vom Typus A niit sleigendcni BbUznckcrspicgcl ini 
Hunger ohne Insulin sowie die enlsprccbendc Zucker- und /?- 
GxYbmicrsanreausscbcidiing toils im Hunger und leils bei ge- 
tuisclilcr freier Kosl ohne Insulin. 




BliKziickcrgeh 

hot 16 


Marla H. . 
Karl S. ... 
Albert E. . 
Henry N. . 

Axeli, K 

Folkc G.... 
Sven S. . . . 
Edvin W. . 

Anders M 

Ferdinand J .. , 
Eriksson, B,Y. 

Ernst C 

Valentin P 

Loren fz H. 

Oskar P. — 
Augusta A. . . 


tab. 30. 

alt naeb Himcdorn, Ilarnzuekcr unrt - 

Fallen von A-Diabclcs ohnc Insulin 
«na an Tn»c „,u 'frorS,? 

Hung e r 


und 

niedrigsU 

Wert 

wahrend 


mg % 

60 + 20 
83 + 37 
90 + 50 
94 + 12 
108 + 17 
110 + 50 
115 + 30 
129 + 26 
143 + 22 
■ 155 + 45 
160 + 11 
198 + 30 
215 + 55 
231 + 21 
235.+ 23 
327 + 75 1 


r, , 

s Aussclieidung im Urin 
i 8-20 Uhr 

m 

Zuk 

ker 

$ 

+0.xy 

butter 

saure 


Ge- 

samf- 

azidi- 

tat 

rf 

tJ 

mg 


7 n 

0 

280 

194 

163 

0 

53 

189 

120 

0 

200 

161 

123 

0 

323 

174 

254 

0 

25 

131 

234 

5,7 

48 

118 

201 

0 

128 

156 

136 

0 

148 

117 

229 

14,3 

857 

318 

411 

9 

341 

184 

227 

0 

63 

162 

140 

4,5 

82 

178 

180 

7,7 

539 

195 

206 

22,2 

77 

151 

216 

4,3 

179 

145 

234 

25,2 

00 

150 

202 


und 

iicdrigst( 

Wert 

■wiilircnd 


mg % 

93 + 17 
226 + 61 
150 + 70 
138 + 15 
138 ± 47 
113 + 47 
143 + 22 
210 + 48 
170 + 50 


r e 

c K 

0 s 1 


s Aussdicidung im Urin 
8-20 Wir 

n 

Zuk 

kcr 

AOx} 

butler 

saure 

■Ik.' 



Gc- 

5nmt- 

aridi- 

Ifi! 

S 

mg 

ml^ 

ml A 

0 

0 

221 

IGl 

0 

0 

293 

2G8 

6,5 

0 

229 

200 

1,4 

0 

512 

47G 

3,8 

0 

18S 

305 

10,1 

0 

217 

301 

2,7 

0 

300 

290 

6,5 

0 

235 

313 

35,0 

0 

187 

230 

65,0 

0 

310 

193 

6,7 

0 

277 

173 

68.0 

0 

227 

112 

107 

0 

193 

153 

68,5 

0 

212 

215 

72,1 

0 

221 

209 

49.2 

0 

129 

123 


Aus der Tabelle ergibl sich, dass keine direkte Bczicliung 
zwiseben der Menge des ausgesobiedcncu Zuckers und dcr atts- 
gesohiedenen Ketonkorper bcslehl, ebensowenig zwischen Bltd- 
zuckergehalt und Ketoniirie. 

Beraerkenswert ist, dass bei gewissen Fallen die Zuckcr.uis 
scheidung sehr geringfiigig ist odcr ganz feblt, aiicb bci re aO 
liohen Blutzuckenverlen. Wahrsdieinlicb wird in dicsen >> e” 
der hohe Blutzuckerwert niclit nur von Glykose, sondern nucj 
von reduzierenden Abbauprodukten verursacht, die 
liche Entsebeidung erfordert ein eingcbcndercs Studium < 
Kobleliydrale des Blules (vgl. S. 286}. 



Dialjclcs A'oni Typus B 

lid dicscm Diubclcshjp hamhll cs sick inn cnic Slorniuj in 
dcr aUmcniuren BIulziickcnc(fidatioiu Dcnigegoiiiihcr trill die 
priniarc Slonmg im Zwischcnsloffwcchscl in den Ilinlcrgriind. 
Im Hunger und hei knapper Nalirung.szufiilir kann dalicr dei 
Sloffwcchsel in lypisclicn Fallen ganz normal vciiaufcn, 15ei 
rcichlidicr Nahrimgszufulir koniinl dagegen die Sldning dcr 
P.Iulzuckcrregulation zum Vorscliein. Kclonkurpcrhildung 
fchlt sowolil bci Nalirungszurnhr als anch bci kurzdaiicrndcm 
Ilungcrn. 

. Fill Diabetes vom Tijpiis B wird dadurcb cbaraklcrisicrl, 
dass die Zuckerausscheidung im Hunger und bei besclufmklcr 
Nalinmgszurubr stark abnimmt odor vcrscliNvindet. und dass 
dabei keine Kelonurie auflrill. Dcr Blnlzuckerwcrl im Hunger 
kann normal, subnormal oder leichl crhdlil sein, unterliegt 
aber auch im Hunger grdssercn oder geringeren I’lukinalionen. 
Bci Nahrungszufulir sleigl der Hlulzuckcrwcrl mebr oder we- 
niger stark, ^Yobci auch cine Glykosurie von Avecbselnder In- 
Icnsitat auflrill, die sicli leilweisc mil der ziigeriilirlen Koble- 
liydralmcnge iinderl. 

Bci den lypisclicn Fallen komml Kelonurie niehl vor. Im 
Hunger Irill in dicsen Fallon die SloffwcchsclstOrung zuriick. 
Bei Nahrimgszufulir dagegen trill die Slunuig dcr Blulzuckcr- 
regulalion mil einer der Kolilenliydralzufulir cntsprcclieiiden 
Zuckerdiurese in den Vordcrgrnnd. Ein Diabeles von 'I'ypus B 
kann dalier als ein Reyuhdionsdiubcles klassifizicrl werden. 

Der folgcndc Fall slclll ein Bcispiel fiir einen B-Diabeles dar: 

Fall 26. Nils 11., gcl). 11)27. 

Kcinc Erbanlagc fur Diabeles. Fan jfingercr Bnider Slrmna. 1031 
Mnscni und Luugcnenlzundung, soiisl slots gesinid gcivcscn. Ini Dc- 
zember 1910 zuiiehmender Dursl und Polyuvic. Ini Laute dcs Frfdi- 
jalu-s Mvuligkcil und gerigfugige Abniagcnmg. Ini Api-il 1011 wurde 
dcr Diabetes fcslgeslellt. 1 ^Yoehcn Krnnkciiliausbcbnndlung. Mil 
bifd (IGO g Brol, 100 g Karloffeln, 20 g llafcrilockcn, H 1 Milch, 7') 
g Hcisch od. 100 g Fisch, 3.') g Bullcr) sowic Insulin (Leo, Rclard) 
i-I.E. morgens cnllasscn. Das Insulin wurdc nacli 3 Woehen aus- 
gcsclzt. Endc Mai 1911 niusstc wcgcii slcigcnder Zuckerausscheidung 
uic iiisuhnbchandlung wicdcrcingcleilcl werden, und zwar mil grOs- 
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scrcr Dosis (28 I. E. Helard). Am VonniUag Insulinbcscluverdeu mil 
Sdnvcissausbruchen, sonst ziemlich mimter. Keine Ai.«en- od 
lierzbesclawerden. ° 

4. XII. 1942 Lange 156 cm, Ge^vicht 47,3 kg. Pulsfrequenz 80 Blul- 
druck 130/70. Milralklappcnfchlcr, Inner Organc sonst o B Gnmti 
umsalz am 5.XII.— 29%. 

Dcr Diabclcslypiis wird axis dem Aussclieidungsdiagramm crsiclil- 
licli (Abb. 89). 


Alls der Abbikhing gclit Iiervor, dass die Zuckerdiurese am Ilimger- 
tage (d. 5. XIl.) vcrscinvaud, ohne dass sich einc Kcloiuiric odcr 
gcslcigcrlc Ammoniakaiissclicidimg beraerkbar maebte. Dcr Biul- 
ziickcrgchalt (Beslimmung nach Hagedorn-Jensen) vevhieit sich fob 
gendermassen: 



Hunger 

Koblcliydralkost 

gewolinl. ICosl 
olinc Insulin 


5 . xir. 

7. XII. 

10. XII. 

9 Uhr . . . 

... 226 mg% 

— mg% 

312 mg% 

12 » . . 

.... 184 » 

290 » 

471 )) 

14 » . . 

. ... 155 » 

341 » 

529 » 

16 » . . 

. ... 136 » 

287 » 

447 » 

18 » . . 

96 » 

362 » 

559 » 






Gcwichl 5. XII ‘lG,o leg Hunger 

C. » -15,0 » Ivohlchyclratprobekosl 

7. » 'ir),i » 

8. » 'M ,3 » gewohni. Kosl. 

9. » 4 5,1 )' )' >' 

10. » ‘M.i » » 


Dcr walirciul dcs Ilungorlagcs erhohicii, aiif cine ICotiipcnsalions- 
h 3 perglykaniic hiiulculcndcn Blutzuckcrwcrlc iind de.'; sinkenden 
Korpcrgcwichls wcgcii lag cine rclatiix* Insnlinindikalion vor. Dc.s- 
halb wurdc am 11. XII. Irolz fchlendcr Kclontiric von iiciicm die In- 
siilinbchandlung cingclcilct. Ausscheidungsdiagramm und Insulin- 
mengen findet man in Abb. S9. 

Gleichzeilig mil dem langsamcn Nachlasscn dcr Znckcraitssclicidnng 
stieg das Gewiebt von 4 i,i aul 4(1,7 kg (111. XII.). Man bcacblc die 
vorubergehende Zunahmc dcr Ammoniakansscheidung am 12. XII. 
eincu Tag nach dcr 1-jnlcilung dcr Insulinbchandlung. 

Bci gcwisseii Fallen von H-Diabclc-S liandcH o.s sich wio liicr 
nm eino ungeniigende In.snlinwirkung ini Organisnins. liino 
Insulinbchandlung ist da inchr oder minder wirksani. Bei an- 
deren Filllen iviedcrum liegl cine Ilcgnlalions.sldrnng vor, ivel- 
clie keinen Insulinmangel verursacht, sondern anf eincr ab- 
normen Reizung dcs lilulzuckcrslcigcrndcn Rcgnlations-syslcnis 
berubl. Dcr folgendc Fall isl cin Boispiel fiir cinen derarligcn 
B-Diabeles. 


Fail 27. Pebr S., gcb. 1920. 

Kcinc Erbanlagc Ii'ir Uiabelcs. Wrihrciid dcr WacbsUnnsjabre zeit- 
weise Magenbcscinvcrdcn, Diarrhocn, Erbreeben und Ncigung zu 
Azidosc, NN’ucbs in den .labren 1931 — 35 raseb und war im Alter von 
15 Jahren 177 cm lang. 

Erkrankle im Anschluss an cine IciclUc Parotitis im August 1937 
an Diarrhoc und Magenbcschwcrdcn. Nar,h cinigen Tagen ziineh- 
mendes Durslgeffdil, Mudigkeit und Abmagerung, wobci Diabetes 
konstatiert wurde. Pat. crhicll zunacbsl Insulin 2mal tagl. bis 
72 I.E. pro Tag, aber Irotz de.sscn stieg das Gewiebt niebt, und 
die Zuckerausscheidung zeigle keine Neigung zum Sinken. Ebenso- 
wenig licss der Zustand im iibrigen eine Besscrung erkennen, wesbalb 
die Insulindosis hcrabgcsetzt wurde. 

Eine nfdiere Analyse dieses Diabclesfalls mil Ausscbciduimsdia- 
gramm wahrend der Zeit 15. V.-9 VI. 1938 ergibt folgcndes (s. Abb. 9()): 

T>0\ f niit Nahrungsenlzicbung und rcduzicrler 

vest fehlle jegbche Zuckerausscheidung. Eine geringfugige vorfdier- 
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™ ’■"8' "“!> <1™ Hunger. 

fer'S'rsftrmrn-T'' “ SeS 

m » ^ Kost slellle sich cine massige Zuckerdiarese ein und 
Blutzuclccrgebalt scliwanktc zwischen 140 und 290 mg %. ‘ 
Nacli dem Ilungerlag ohne Insulin am 16. V, betrug das Kornpr- 
gcwicht 64,1 kg, stieg aber Wahrend der folgenden insulinireien Tage 
IS auf 61,5 kg am 23. V. Am nachsten Tage wurde die Insulin- 
behandlung emgeleitct. Troiz freier Nahrungszufuhr und InsuUn 1- 
his 2mal tagl., mit Dosen bis 48 I.E. pro Tag, stieg das Korper- 
gcwiclit nichl, sondcrn begann stall dessen zu sinken md hetvag 
am 9. VI. 1938 61,9 kg. Audi die Zuckerausscbeidung nah'm merkbar 
zu. Am 30. V. variierle der Blulzuckergehalt zwischen 220 und 400 
mg %, Irolz zweier Insulindosen von je 20 I. E. urn 8 bzw. 16 Uhr. Das 
Insulin bewirklc auch sonst kcinerlei Besserung der ubrigen Diabetes- 
symploin dcs Krankcn oder des subjektiven Allgemeinzustandes 
desselben. 

Dieser Fall wurdc dagcgen von Vitamin B gunslig beeinflusst. 


Werden bei diesen Fallen Kohleliydrale zugefiihrt, welche 
als Glykose resorbierl iverden, so kann der Zuckergehalt des 
Blutes auf holie Werle sleigen. Dabei Iritt eine mehr oder we- 
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niger slarke Glykosurie auf, je iiach dcr Aii des Diabelesfallcs 
und dcr zugefiUirlen Kohlchydrafjncnge. Da Fell l)ei der Vcr- 
dauung nichl direkl in Glykosc iibergclil, isl die Bliilzucker- 
sleigerung bev FcUvcsorpUou gevinger als bci kohlcbydral- 
reichcr Kosl. Fell bewirkl infolgedesscn cine weniger slarke 
Glykosurie als Kohleliydralc und wird daber als Nabrung ])cs- 
ser ausgeniilzl, sofern der Fellsloffw’cchscl normal isl und Ke- 
lonkorperaiisschcidung fehll. 

Die folgende Tabclle 31 enlbiill cine Zusammcnslcllung 
von IG Diabelesfiillen vom Typus B, nacb slcigendcin Blul- 


TAB. 31. 

BliU7.uf‘kpr((chnlt, IlnrnzuoUor untl ,’l-OsyJmtlcrsrmronus'iplip|ilnu(| Bel Ifi FiUIpu 
von ll-DlnliPlcs oline InstiUn nn pliuan Ilnnjjprlnjic ninl an 
elncm Taf)c init {{PinlsclUor froier Kost. 


Einar J. . . 
Gunnar K. 
Einar E.. . 
Lollcn F. 
Sigrid E... 
Oskar II. 
Elisabelli L. 
Gunnar L. 
Sime K. .. 
Friljof L. 
Sture N. . . 
Hans S. . , 
Carl U. .. 
Bror S. ., 
Anna-Lisa L 
Hanna H. , . 


Hunger 


Ululr.uckcr, 
Millol aus 
liochstom 
und 

nicdrigslcm 
Werl 
wUhrend 
des Tnges 


Aiissclicidung iin I'rin 
8-20 Uhr 


Zuk- 

kcr 


,^O.sy- 

l)uUcr- 

siiure 


mg % 

G5 + 25 
GG + 28 
87 + 24 
98 + 55 
100 + 24 
105 + 25 
110 ±50 
llG + 20 
120 + 40 
121+20 
130 + 40 
130 + 25 
145 + 32 
IGC + 39 
197 ±G5 
24G + 50 


g 

0 

2.1 

0 

0,2 

0 

0 

0 

0 

0 

0 

0 

0,a 

0 

3,1 

0 

0,2 


mg 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 


II, N 


Gc- 

snmt- 

ar.idi- 

liit 


i' r c i c Kost 


Hluizuckcr, 
Mittcl aus 
hOchstem 
\ind 

niedrigslcm; 

Wert 

wuhrend I 
des Tages i 


Zuk 

kcr 


ml 


128 

159 

197 

91 

109 

57 

150 

169 

1G5 

229 

137 

121 

218 

188 

12G 

103 


ml 


10 

129 
125 
202 

130 
142 

74 

17G 

117 

112 

192 

77 

142 

232 

283 

111 

99 


mg % 

93 + 37 
27G + 121 
190 + 35 
325 ± 27 
247 + 52 
197 + 38 
1G5 + 75 
1G9 + 19 
175 + 45 
185 + 34 
233 + 127 
220 + CO 
316 ± 69 
360 + 58 
341 + 106 
372 ± 26 


Ausscheidung im I’rin 
8-20 Uhr 


f? 

11,8 

81, -t 

4, g 

31.3 

5, ! 

4,7 

3.1 
5,0| 

98.0. 

2.2 
24,c.| 
31,Gi 
95.0* 
50,8 

9,ol 

16.3 


buller- 

siiure 


mg 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 


ILN 


ml 


10 
305 
258 
254 

215 
146 

22 

250 

240 

302 

256 

163 

216 
216 
201 
171 
120 


Ge- 

saml- 

azidi' 

tut 


ml jp 

278 

215 

235 

161 

187 

9 

283 

152 

81 

161 

142 

285 

244 

291 

131 

105 
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muckers, )icgcl im Hunger ohne Insulin geordnel n,i, 
.sprechondon Flnkiunnoncn des BinUncker^erls .1 fazX 
-orausscheidung hci gcmiscliler freier Kosl ohne Insulin Der 

ni f uif Blufzuckerbeshmmungen nach Hagedorn um 9 k,v. , 
1 -, 14, IG unci 18 UJir angcgeben. 

Durch die Glykosuric verliert der Organismus Kohlehydrale. 
licrdurch kann ein Kolildiydratmangel im Korper einireten. 
\Vird diescr zu gross, so fehlen Kohlehydrale ziir Glykogen- 
bildung, Nvobei Fell Malcrial fiir diese liefern muss. Wenn die 
Kohlehydralverbrenniing dabci unzulanglich ist, kommt es za 
Stdrungcn in dor normalen Unisetzung der Feltsaiiren, wodnrch 
die Kohlehydraleinbusse des Organismus zum Anlass einerKe- 
lonkdrperbildung u'erden kann, ohne dass irgendeine primjire 
Slonnig im Zwaschensloffwechisel vorzuliegen hrauchl. Bei 
rcichlichem Zugang zu KoliJehydraien in der Nalirung kann , 
in dicseu Fallen die Kelonkorperbildung vermieden werden, 
aber bei kohloh3’dralarmer Kost kann ein Diabetes von diesem 
Typus in cinen kefonkorperbiidenden Diabetes von melir oder 
wenigor bedrohlichem Charakter iibergehen. Beruht eine Ke- 
lonkdrperbildung auf einer ungeniigenden Kohlehydratzufuhr 
in der Kost, so verscliwindet dieselbe bei Kohlehydralziilage. 
Der folgende Fall ist cin Beispiel fiir dieses- Verlialten: 


Fall 2S. Sven A., gelj. 1878. 

Keine Erbanlage far Diabetes. 1924 wurde der Diabetes ’ 

cs wurde strenge Dial verordnet, vorwiegend Felt-Geinuse, imr g 
Brol, keiuc Karlolfolu. Pal. hioll diesa Dial 10 JahK la 8. « 
zeilweise miidc und lilt an rezidivierenden IrUiden, ^\ar 
grossen ganzen zienilich miinter und arhcUele. 

Bei der Beobaclilung im Marz 1934 lag ein 

licher ^-OxybuUcrsaureausschcidung vor. Duse nahm i 
Kohlehydralpi-obekosltagc ab (Abb. 91). merkbar, 

liydralreicbe, freiere Kost, und sein Zustand bes j. 5 (.h,,vande!i. 

cr -war -weniger mfide. Audi die Augenbesc Sepiember 1937 

Kein Durslgefuhl. Bei neuerlidicr "fJ"’j,fvunden; diese 

war jegliche y?- 0 .xybultersaureau^sschei “ f nach einem 

trat aber voriibergehend ,„-jn,en,re wieder hervor 

p'etlprobekosltage mil reduzierter Koh e A » = 

(Abb. 91, iinteres Diagramm, 17.--1S.IX.). 




lici I'iiipr g.-w.Minlirhrn fn-irii f'cmisflKcii K.f.l. mil ct\v;,v .•in- 
{•('sdvrrmkU'r l-VlliUfiigo, niir diu- '/m-luTahiifA* vur, niu'r 

keim* ICclonmic. 

1st (lurch hochm'udim'u K<»liU>hyarntuu>nitcl iin {hf^nnivinu*. 
odor (lurcl\ ir^oiulcinc aiulcrc I rsaclu- die (dyUdi^i idutdiinu 
^H'sldrl wordcii, mil daucruder Schadiiiun^ di-s l.fhftjKireii' 
chyms. dann liissf sich di(‘ Kct<»nkdn»crl.ildun'4 niclit dinvli 



N.irli 

ir Via'i’liwiitiiii II, 

•VldtcliKitinoin'^' wii.irr, 

L'.-i 


AMk Oi. Av.str^uiiUinp'iilinprrmiitU' Ix-i Dkibolf; mil 
Aliiinlimc tier lii'lninirir Ini kfililcliydr.iltri.lirr 
frcirrrr utul lailili-iiydralrvirlu'rfr Kod war eJir K 
kani aln-r trmjior.'ir ini Aiiirlilii\s an riiion 





340 


vormelirte Kohlcliydralzufuhr unlerdriicken. Ein Diabetes vom 
Typus B kanii dabci in einen bcdrohlichen Diabetes iibergehen. 

Solange die Glykogenl)ildung der Leber bei einem Regula- 
tionsdiabetes verhallnismassig ungeslbrt isl, spiegelt sich die 
wccbselnde Koblcbydralaffinilat dieses Organs in Variationen 
des Blulznckcrgeballs nnd auch in den Aussebeidungsdiagram- 
inen mebr odor minder deullich wider. Die rbytbmiscbe Leber- 


luligkcit crscbeinl dabei am dentlicbsten, wenn die zugefiilide 
Kolilehydralmcnge der Assimilationskapaziliil der Leber ent- 
spricbl nnd die Tolcranzgrcnze daber nur wenig uberscbreilet. 
Wird die Kolilebydratzufubr zu gross, so kommt die perio- 
dlscbc Lel)erfnnklion in der Blnlzuckerknrve und im Zi^ker- 
aiisscbeidungsdiagramm weniger deutbeb zum us rue- 


{vgL Abb. 17 S. G7). 

Ober die Wirkung des Insulins bci 
pus B vgl. IX. Abscbnill S. 38L 


Diabetesformen vom Ty- 


Diabetes vom Typus 0 

cm Par, on, mi. Insniin boimndcU ® 
fiir Seluill licral)gosol7,l odor einer Rcilw 

.on rvordon, dann g.bl os ein Di,*,er vom 

von Frdlon Irill boim 

Insulin auch vciloriuu f ,,,„,eri,bar macbw. Vorans- 

svclcbe Anr.eichon Dlabo.es getan^ 

"cselzl, dass es sicb pinoeleitet wurde, und * 

Inllc als- die ^«sulinbebandluno » verabreiebt uorden 

::':rinsu.in me,.. - “S- 

,var, bal X'verscbsvundon is., bci 

;erabse.7„..g dor AnuuouiabbM»< 

perbilduug oiu. "Xrasch oin P^^^V^Dioso 

infolgcdesscn etfektiv S'™”** M i„sa- 

Insuiinbobandlung T,,p.'^0 (»' 

DiabelcsfalleM.menalsD.ua 
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linfreien Tage) odcr hechohlicher Diabetes bczeiclincl werden. 
Wenn bei diesen Fallen das Insulin ausgcselzl Avird, sink! in- 
folge der ungeniigenden Amnioniakbildung dcr pH-Wcrl des 
Urins, Avobei das Nicrenepilbcl gescbadigl Averden kann. Dies 
zoigt sich im Auflrelen eincr Albuminurie mil Zylindern im 
Ilarn (S. 248). Dutch EnlAA'ickhing von Kelosiiurcn verschlim- 
mert sich bei mangelnder Insulimvirkung dcr Zusland rasch. 
Diet liegt cine schAvere Stoning sowohl in den regulatorischcn 
Syslemen Avie im ZAvischensloffAvcchsel vor. Was primar ist, Avas 
sekundar, das zu entscheiden ist nichl moglich. Die intensive 
Ketonkorpcrbildiing and die iingcniigende Aininoniakbilditng 
sind fiir cinen bedrohlichcn Diabetes vom Tgpus 0 choral; te- 
ristisch. 

Bei sinkendem Blufzuckcrspiegcl im Hunger Avird die Keton- 
korperbildung sebr rasch gesleigerl. Im Gegensalz zmn A-Dia- 
beles A'crmag Kohlchy.dralzufuhr die Kelonkbrperbildung nichl 
herabzudriicken. Dies ist nur dutch Insulingaben moglich. Abb. 
51 S. 267 zeigl cinen t'bcrgang vom Typus zum bedroh- 
liclieu Diabetes, luit bei Nahrungszufuhr noch mchr geslciger- 
Icr Kelosaurenbildung, aber mit andauernd hinreichender Am- 
moniakprodiiklion. 

Wenn die Aminoniakbildung niebt mil der Zunabinc der 
Ketonkorper Schrilt hallen kann, sondern dcr .Aininoniak-/?- 
Oxybuttensaurequolient unler 1 sinkl, dann enlAvickcll sich in 
Iviirzer Zeil ein Prackoina (S. 246). Dcr folgcnde Fall 29 ist 
ein Beispiel fiir einen Diabetes A’on dicscin Typ: 

Fall 29. Bcrlil B., gcb. 1895. 

Keinc Erbanlage fur Diabetes. Friihcr gasund gcwe.soi. 

Oklober 1932 lasligcr Ilarndrang, iiach ciucr Wochc starker 
Durst (trank taglicli 7 — 8 1), ScliAvachegcffdil und beginnende .‘\b- 
magerung (10 kg in 1 Monal). Diabetes konstatiert, ZAvei \N'ochcn 
Krankcnhaiisbehandlung. Mil stronger Difil (50 g Brot) und Insulin 
12 + 12 I.E. cntlassen. Zunohmende Abinagcrung und ScliAVache. 
Im Herbsl 1935 reichlicherc Kost, Insulin durch Svntbalin ersetzt. 
^^'■egen Magenbcschwerdcn liortc Pal. sellist auf, Syntlialin einzu- 
nehmen, und begann Aviedcr mil Insulin, IG + IG I. E. Zeilwcisc 
Durslgeirdil und soil Sommer 1938 Brennen und Empfindlicbkcil der 
tlaut an Fussen und Unterschcnkcbi. Bei der Bcobachtung im No- 
A'cnibcr 1938 Liinge 1G9 em, GcAviclU GG ,2 kg. Bhildruck 120)75, Puls- 



J^rcdiionz 7fi ijov,- r, 

.-.I , Jni/. Grcnzen n in v 

«^-'^I><'J<en. Koine ,4C; 

M ^'■'’ ‘"•f^oi'isierl, ST gesenkf T, ne^ S ''C''- 

,^‘!U‘''®‘'’'^'‘'“"'= J^vporr.stJicsie a„ Fiissen%,uVn 
cflexe auf dcr linken Scife nbgcschwi 
l)in))clc.s(.vp„.s wird ai.s den, -vtssc oii ^ ^ “• ^er 

sichtlicl). . ' ■■ '‘^'^“'’gsdiagramm (Abb. 92) er- 



Ahh. 02. Aiisscheidungsdiagmnim bei Diabetes vom T 3 ’pus 0. Wahrend cs 
Ilungerlnges oline Insulin st.arke /?-Oxyb«nersaureausscheidimg mil mange 
iiaffer Animoniakbildung. In der Nacht nach dem Hiingerlage sclzlcn pea 
komatosc Bcsclnvcrden (Erbrcclien, llerzkiopfen iind Tachj'kardie) ein, mi 
scliluss an die endogene Kctosiiureinvcllc, die sich nach 2 Ulir an cm 
den Iliingcrfag lolgendcn Tagc zu entwickcln begann. Am ^2. XI. I'lm ® 
a.I') Viir die InsiiUnbcbandhing eingcleilel. Die Keiomirie rt„ 2 gn 

ringer, boric aber ivfdirend dcr nachslen 24 Stunden nichf ganz an , 
vcrsclnvand bci dcr forcierfen Insulinbchandhing die Ztickcraiissc lo 
Tagc nach dem Ilnngerlag. Die praekoinatosen Bcschwerden, ''ar ^ 
einigen Stunden vollig vcrsclnvundcn, und der Kranke war Iiciei 
nach dem Ilungcrtag bescliwerdefrci. 



\'<Tjiii(U'niiifn-n des llliilziiciferiverts, dor irariiziiclfiT-, /f-OxylHiKcrsiiure- und Aininonhilciu.sschcidiini) soulc dcs 
pll- Worts im Urln Itol It! Fiilloii von liodrolilielicm Dlaltclcs (Tyjnis 0) niihreiid cincs Iliiiif/crttif/cs 

init ])of|iniiondein Priickoin:i. 
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250 )i 
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28 «8 rt 'L’lr"'™ '“it'srs 

l- nhvLf/ Bedeutung fiir die 
fine 1 nt”. ^‘''ckomas. Dies wird daraus ersiclillic!!, 
f, ^ zuckerwert vor dem Einlrift des Praekomks so- 

void CHIC fallende wic sleigcndc Tendenz aufweisen kann, Die 
^OIsele^l(e lab. 32 enlhall 16 Fade von 0-Diabeles, ki 
vccheu die praokoinatdsen Beschwerden Avaiircntl ciiies 
lungcTfagcs init ungeniigender Insidinwirkimg auftrafen. In 
(ler rabellc sind die Vcnindcrungen des Blutzuckerspiegels vor 
(1cm Einselzen des Insulins soAvie die pH-Seiikung des Urins 
A or dcni Prackoina angegeben. Die Tabellc niacht auch die 
Ausscheidung von Zuckcr, /^-Oxybullersfiiire, Amnioaiak uiid 
dcr Gesamtsumme saurer Valcnzen in Milliinol Dei pH 9,0 er- 
siclillicli (Plienolphtalcin als Indikalor). Insulin wurde aach 
Beginn des prackoina loscn Erbreebens cingeselzi. 


Ilaufigkcil dcr vcrseliicdcncn Diabclcslypcii 

. Bei der Analyse A'on 1390 Diabelesfallcn aus den Jahren 
1935—1940 (748 Manner und 642 Frauen) ergab siclr folgencic 
Verleilung aiif die verschiedenen Diabetesfypen (Tab. 33): . 
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TAB. 33. 

Vcrleiluno dor cinzcliicii Dlnbclcslypcn bci 1300 Fiillcn 
von Diabetes. 


Diabclcslypus 

M ii n n c r 

Frnu cn 

Anznhl 

0/ 

/o 

Anznlil 

O' 

/o 

Typus A 

32G 

•13,c 

m 


Tvpus B 

191 

25;5 

mm 


Typus 0 

231 

37,9 

251 


Auzahl Fiillc 

74S 

100 % 

(M2 

100 % 

S.i. 

1300 Fiillc 


AKersfreyuenz fiir den Ansbrncli dcr kliniselicn Syiiiplonie 
bci den verscliicdcncn Diabetestypen 


Das Allcr dcr Palicnlcn beim Anftrclcn dcr Diii1)ele.s.syin|)- 
tome gehl aiis dcr bier eingcluglcn Tal)elle 31 I’iir die vcrscliic- 
deiien Dial)clc.slypen horvor (1390 Fallc). 

Hicraus wird ersichlHch, dass die Allci'sfre(juenz J'iir Dialndcs 
vom Tj'pus 13 and O ganz vcr.scliicden isl. 

I'iir B-Diabelcs fiiulcn wir bci Manncrn cin slarkcs Maxi- 
mum im AUer von iiiigcfahr 15—20 sowic 50—55 Jahre. Hci 

I'raueu isl cin angcdculeles Maximum in dcr Gru])pe 15 20 

Jahre zu bemerken, al)cr das hbchslc Frc(]ucnz.maximiim riilll 
iwischen 50 und GO Jahre. 


Fill- 0-Diabeles wcisl dagegcu die Frcqiicnzlairvo bei sowold 
il.innern und Frauen cin slarkes Maximum im Alter 5 — 15 
alu-e auf. Dann suikl die Kurve dcs 0-Diabcles zicmiich 
gleicluuassig mil sleigendcm Lebensallcr. 

Schon ill dcr Allcrskuvvc fiir das Auflrclen dcr verschicdcueu 
M c cslypen macht sich niilhin ein priuzipicllcr Unlcrscliied 
ge lend, was auf eiucu vcrschiedencu Urspruug der beidcu Dia- 
l)elesformeu, des Typus O und B, liindeulel. 

Das Frequenzmaximum des Typus O f-illl mil einer Wachs- 
Beidcn Gcsclileclilern zusammen. Untcr dcr 
ssolzung, dass die Bomskowschc Anschauuug iiber das 


















B. 34. 

nieJi (Icr Krankhclf. 
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Anzalil 
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Typiis 

A 

li 

m 

Sa. 
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B 

III 

Sa. 
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•lalire.,. 

4 

14 

3 

■ 

1 30 
53 

■ 

4 

17 

43 

25 

57 
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1 S' 

» . . * . 

34 

0 

42 

85 

18 

0 

39 

G3 

148 

In— 20 

» , , . . 

33 

33 

25 

91 

16 

9 


51 

142 

20- 25 


20 

11 

10 

53 

20 

7 


63 


25—30 

)> • , . . 

23 

17 

21 

01 

19 

2 

17 

41 

HhI 

30—35 

»» , . . . 

33 

15 

18 

GO 

16 

7 

22 

45 
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35 — 10 
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15 

15 
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01 
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718 

220 

171 
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'i'Jiyinu.sIionnon als kombinierles Wachsfuras- and Dia]>eles 
Jicrvorrufendes riornion zulriff(, kann die Anhaiifuug dcr ke- 
drohlichen Diabclcsfallc ijn AJler 5 — 15 Jalire ihre Erklarung 


findcn, 

Dcr Diabetes voni Typus B bevorzugt dagegen cinmal das 
Alter 15 — 20 Jalire, so5ann das Alter 50 — 55 Jalire, I'obci lu 
der ersten Altersgruppe die Manner, in der zweiten dagegen 
die Frauen libcrwiegen. In dicse Zcitahschnitle fallen Puic 
iiit, Nacbpubertal und Klimaklcrium. Fin B-Dialietcs ist ( a 
Iiinsichtlich seiner Entstcliung wahrscbeinlioh in 
Weise mil der Tafigkeit der Geschlecbtsdriisen verknup • 

Der Diabetes vom Typus A nimmt cine 
schen den beiden anderen Typen ein, mil weniger ‘ 

Ilohepunktcn zur Zeit des Pubertal und des Kbmakter 











Diabetes and Jalircszeitcn 


Es ist von Inlcrcsse, zu sehen, ob cine beslimmlc Jahrcszcil 
cine besondere Disposition fiir Diabetes scbaffl. Die bier cin* 
gesebobene Tab. 35 inacbl crsicbllicb, in wclcbcm Monal die 
kliniseben Diabelessymptomc bci 991 I'iillcn von Diabetes cin- 
gesetzt batten. 


TAll. 35. 

jahreszeb «les lU'jiinus kHnIschcr Dtatu'lcssyiuittoniP. 


0 It a t 

Auzalil I'iilic 

Diabclcslj'pus 

Sa. 

A 

n 

0 

Januar 

54 

20 

20 

100 

Fcbrunr 

30 

17 

18 

75 

Jtiirz 

11 

11 

28 

80 

April 

17 

If) 

20 

82 

Mai 

20 

12 

18 

50 • 

Juni 

33 

1() 

31 

80 

Juli 

33 

17 

13 

03 

August 

41 

20 

10 

77 

September 

41 

18 

27 

iSO 

Oktober 

(tO 

14 

20 

112 

November 

35 

Hi 

25 

70 

Dezember 

4:» 

21 

30 

102 

Sa. Diabclcsriillc 

507 

2S7 

107 

001 


Eine ansgepriigte jaiireszeillichc Dis])osilion sclieinl fiir den 
Ausbrneb des Diabetes nicbl vorzntiegen, inbglicberweisc neb- 
incn die bedroblicben FiiUe im Herbst nnd Friibjabr clwas zu. 


Die Dcdeutniuj dcr Ilcrcditiit i’iir die Enistelumii 
«ics Diabetes 


1 C komplizierlen Verbiillnissc, die boiin Diabetes obwaJlen. 
<Jic wecbsclndc iind nneinlieilliclie Genese dcr Kranklieil 
machen wahrsclieinlicb, dass man niclU mil einfacben Verer- 
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un^socselzcn fur Diabetes rechnen kann. Hierzu kommt nodi 
die vcrsclnedene Allersdisposition fiir die einzelnen Diabetes- 
Mien, ^vodu^ch die Beurleiliing der DiabeteserbUchkeit in noch 
bohcrem Grade ersdiwert wird. Eine Hiiufung von Diabetes- 
fallen in eincr Familie kann zufallsbedingt sein und braucht 
nichl den Ausdruck irgendeines erblichen Faktors darzustellen. 
Auf der andcrcn Seitc muss man in Betraclit ziehen, dass es 
cine erblicbc konslitulionelle Schwache der glj^koregulatori- 
-scben Systemc gclicn kann, iveicbe zum Diabetes disponiert, 
Mein eigencs, diese Frage beleuchfendes Diabetesmaterial, 
slamml nns 1220 Familien mit von 1 bis 16 Kinder. DieGesanit- 
anzah! der Kinder belrug in diesen Familien 5932, Von diesen 
Kindern lillen 1449 (= 24,4 %) an Diabetes in irgendeiner 
Form. Tcill man diesen Prozentsatz mit Riicksicht auf das Vor- 
komnicn von Diabetes bet den iibrigen Familienmitgliedeni in 
Grujipcn cin, so ergibl sich folgcndes (Tab. 36): 


TAB. 30. 


Ilcdeutiin}} der lleredKal liir die Diabclcsfrctpiciiz. 



Faniiiicn- 

anzalil 

Kindcranznhl 

Diabetes in 
Prozent der 

Dialiclcsliorcdiliil 

iiisgcsaml 

davon 

Diabelikcr 

gcsamlen 

Kindcranzahl 

Diitbclcs in d. Familie nichl 

857 

4153 

986 Fiillc 

23,7 % 

Diabclcs in <1. Familie: 

Vninr* 

89 

455 

124 )• 

27,3 % . 


82 

538 

113 )' 

21,(1 % 

4 G ,7 % 
34 , 2 .% 
25,0 % 

iMUUCr » 

C 

30 

14 >> 

iiCICiC ijiiuni " 

57 

199 

08 » 

urosscHcrii *> * 

Sonslige Blutsverwaiidle. . 
(Oiikel. Tanlcn, Ycllcrn 
od. Basen) 

129 

557 

144 » 


Bci clcr Bcm lcilung der J muss 

Kjuciu in Farailicn. rvo die Muller an D . 
an sich die Talsaclie vor Augen i,ci nicM 

.blichkeii hci snekerkranken MUlJern " 
ckorkranken. Die rclaliv hohere D.ahelesf.cque, 
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lien, in welclicn Diabetes sonst vorkomml, spricbt fiir eincn 
gewissen Grad von Erblichlceil bei Diabetes. Zu eincr sichercrcn 
statistischcn Bearbeitung dicscr Frage ist jedocb ciii grosscres 
Material erfordcrlich, weicbcs zuglcicb mil Rvicksicht aiif die 
verscliiedene Genesc dcs diabeUsclrcn Zuslandes vollslandig 
bcarbeilel ist. Ein derarligcs Material sleht zur Zcil noch aus. 

Yariationen dcs Nuclitcrnblulzuclcerrverts bci den 
vcrschicdcncn Diabetcslypen 

An insulinfrcien Hungertagen schwankl der Blulziickcrspic- 
gcl vmter dem Einfluss cinerseits dor periodisclicn Glykogen- 
bildung in dcr Leber und andcrerscils der regulatorisclicn neit- 
rohormonalen Periodizitiit. Allc diesc Vorgiinge vcrscbmelzcn 
>;u dem endogenen Rhyllimus des KohlehydratsloffNvechscls 
(vgl, S. 273). Der Blntzuckernnchlcrnwcrt ist daber bei Re- 
gulalionsstorungen keine konslantc Grb.ssc, sondern wccbscll 
an versebiedenen Zcitpunklen im Laiifc dcr 24Stundcnpcriodc.’. 
Diese Yeranderungen dcs Blulzuckcrgeballs sind 24.slundcn- 
rbylhmiscbcn Varialionon unlcrworfen (vgl. S. 79). 

Um einen Begriff von don Grenzen zu crbaltcn, innerhalb 
^vclcber der Niicl\lcrnblutzuckcrwcrl bei versebiedenen Diabe- 
Icsfallcn variicrt, wurden 856 Fiille i\n cincni Ilungertago von 
8 bis 18 Ubr zweistiindiicb mil Blnlzuckerljcstinimnngcn nacb 
Hagedorn nntersucht. Wabrend dicscr Zeit v’tjrde kcinc Nab- 
rung verabreiebt, nur Wasscr gegen den Durst. Die Kranken 
lugen zn Belt. Die Vcrleilung dcr Diabclosfrdle anf die ver- 
schiedenen Typen folgcudc; 

Typus A 432 Fjille 

=> B 293 5 

^ O 131 s 

Sa. 856 Fiille 

pie Grenzen, innerbalb welcbcr der Isucblernblutzuckerwcii 
bei den cinzclnen Diabelcsfallcn scbwanklc, werden ans den 
bier cingesebobenen Tabellen 37, 38 nnd 39 crsicbllicb. Bei 
den bedrohlicben Diabetesfiillcn vom TjTms 0 Avar die Tnsnlin- 
dosis wiihrend der nnmittelbav vorangebenden Tiigc Scbrilt fiir 
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TAB. 37. 



/ 
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TAB. 39. 

Grcnzeii, innerluill) ivclclier dor A'ilHileniJilulziicIvcrucrt Iicl 131 Fallon von 
0-l)ialictps an oinoni IInnf)or(a(| sohivanklc, licvor In.sniin 
upflon l)P(|inncn(lpn Praokonias flpflchpn uonlpn ninssle. 



We angegebenen l^tlulzuckerbesliinmungen warcn vor dem 
unselzen des Insulins yorgenoinmen worden, wcshalb ein nicd- 
nger Blulzuckorwerl niclU cine Folge dor Insulinwiiknng isl. 
ei einem bcdrohlichen Dial)cles voni Tyi)us 0 kann der 
ulzuckenvert vor dcm Prad;oma .sowohl slcigen wie sinken. 
werls ='eigl die Andcrung des Blulzuckcr- 

ohml’Xr beginnendon Pracko.nas 

ge elzt werden mussle, bci 92 Fallen von 0-Diaheles. 

chvn 1 Sebl hervor, dass der Bhilzuckerwerl in 

Sbrcchr " f praekcnalbsen 

BlulzuPl.-/ ^ b’csliegcn war. Veranderungen des 

B ulzuckcrsp,egels sind daber nichl eine direkle Ursacbe fd 

T,'""" V..,.iaU„.,o„ Cos 

te cndo»o„o„ m 'T' 1 "" Sclnvankungon 
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. tab. 40. 

von bcdroliliehcm Diabetes. 


Veranderung das .Blut- 
zuckergehalts vom Morgen- 
wert bis zum Ausbruch 
des Praekomas 

Anzahl Falle 

Steigerung 

Senkung 

0— 25 mg % 

17 

16 

0-60 » 

15 

9 

0-75 ). 

5 

8 

0-100 » 

2 

3 

0-150 » 

1 

5 

0-200 » 

3 

4 

0-250 » 

2 

1 

0-300 » 

— 

1 

Sa. 

45 = 49 % 

47 = 51.% 


perglykamie der Bildiing von Ketonkorpern entgegenwirkt, 
tragt die Blutzuckersteigeriing im Grunde zur Verhinderung 
des Komas bed. Ein mil den iiblidien Blutzuckerbeslimmungen 
(Reduktionsmetlioden) erhaltener Wert braucht jedocli dcin 
wrklichen Blutzuckergehalt beim Diabetes nicht zu enfspre- 
chen (vgl. S. 286). Die ganze Frage des Blutzuckergehalls and 
der Kelonkorperbildung ist kompliziert iind physiologisch-che- 
niisch noch nicht geklart. 


Diabetes and Saiierstoffgrundvcrbraiich 

Ein von einer neurohypophysaren Storung 
rung der glandotropen Honnonproduktion in der i ypop . ^ 
bervorgerufener Diabetes kann leicht auch von ° 
Schilddrusenfunktion begleitet sein, wenn gleicbzei ^ 
rungen in der Bildung des tliyreotropen Honnons v > 
ist daher von Interesse, zu ermitteln, in weloben 

Sauerstoffgrundverbrauch bei den • 400 Falk” 

Diabetes verandert ist. Zu diesem Vervendung 

von Diabetes der Grundumsatz nacb ro-, „ „i,„„ng des 

der Benedict-Harrisschen Nornunllabellen znr Bcrecbnnn„ 
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Grundiimsatzwerls beslimmt. Namenllidi bei gewissen Diabe- 
lesfallen ist tier Grimdiimsalzwerl grossen individuellen Varia- 
tionen iinlerworfen, auch wenii die Bestiinniiingen an derselben 
Tageszeit iind unler Beobacblung allcr Vorsiclitsmassregeln bei 
tier Aiisfiilinmg der Untersuchungen vorgenomincn werden. 
Die bier folgende Tab. 41 zeigt, wie tier Gnindumsalzwerl l)ei 
den verscbiedenen Diabeleslypen variierl. 


TAB. 41. 

GruiulumsatzHcrlc I)ei 4GG Fallen von Diiibclcs olinc Insulin. 


Grundumsalzwcrt 

• n. Krogh 



D i .-1 

1) c 1 

c s f 

ii 1 1 

c 


Typus A 

Typus B 

Typus 0 

insgesaml 

An- 

zalil 

o/ 

/O 

An- 

O' 

/O 

An- 

zahl 

O' 

/O 

An- 

znhl 

O' 

/O 

Er/io/if > + GO 

7 

3,2 

8 

G,7 

9 

0,9 

24 

5,2 

+ GO 

5 

2,4 

10 

S.4 


1 1 ,ri 

30 

0.4 

+ 40 

33 

15,3 

IG 

13,4 

28 

21,4 

77 

IG.5 

+ 20 

45 


15 

12,g 

2G 

o 

CO 

86 

18,5 

Normal „ 

31 

M 

12 

10,1 

17 

BH 

CO 

25 5 

— 10 

28 

Bb 

17 

14,3 

14 


59 


- 20 

34 

15,7 

23 

19,3 

17 

13,0 

74 

15,9 

- 40 

32 

14,8 

15 

12,c 


1,5 

49 

10,5 

- GO 

1 


3 

2.5 


2,3 

7 

1,5 

Gesenkl > — CO 

— 

- 

— 




— 


Sa. Fiille 

21G 


119 


131 


4GG 



Von den Dialjclesfallcn liallen 27,4 % vom Typus A, 24,4 % 
vom Typus B und 23,7 % vom Typus 0 norniale Grundum- 
salzwcrle, bei den ubvigen wor der Grundumsalz lidlier oder 
niedriger als normal. 


Diaholos und Illuldruek 

Be, der Blulzuckcrregulalion spicll das sympalbico-adrenale 
■Syslem erne wicblige Rolle. Da dieses System aucb auf Blul- 
<“uckund Gefasslonus einen .sfeigernden Einfluss ausiibl lie-d 
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TAB. 42. 

BliiUlruek bci den cinzelncn Diabcteslypen In vorscliifilpncn 

Altcrsstufen. 

Frauen, 565 Falle. 


Alter 


Tijpus A; 

0-10 J. 
11-20 »> 
21-30 )) 
31-40 » 
41—50 » 
51-60 » 
61-70 » 
71-80 » 


Ti/pus B: 
0-10 J. 

11—20 t) 
21-30 » 
31-40 n 
41—50 » 
51-60 » 
61-70 » 
71—80 » 
81-90 t) 


Tijpiis 0: 
0-10 J. 
11—20 » 
21—30 » 
31—40 » 
41—50 » 
51-60 » 
61-70 » 
71—80 » 
81-90 » 



S V s 1 0 1 i s c h c r B 1 u t d r u c k, mm Hg 


140 160 180 200 220 240 2G0 280 
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TAB. 43. 

Bliitdnick I)(>i don einzcliicn Dlaliclc.'^Cypon In vcr.<;clilcdcncn 

Allcrslnfon. 


Manner, G5S Fiille. 



24 
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cs rcchl nuhc, sicli die Frage vorzulegen, ob gleiobzeitig mil 
Sldrungcn dcr IMulzuckerregulalion aucb Veriinderungen der 
vasoiiioloriscbcn Regulalion mil al)normcn Blutdruckwerlcn 

vorhanden sind. .. 

Eiuc Zusammcnslclhmg von 1223 D.ahclcstallcn samlkl. 

olme Aiv/.oiclicn cincr Nicrenscliadigung, bclcnclilct dicsc ' ra- 
ge Das Ma.o-ial enllum 073 Manner nnd 549 Frauen 0* 
den Mannern varen 290 Diabelcstalle vom Typus A, 181 ^m 
Tvmis li nnd 187 vom Typus 0. Bci den Frauen war die Zu- 
immense, rung folgendei 200 Diabe.esfallc vom Types A, ,C. 

e„m Tnms B f nnd 43 lindcl man die .lie- 

I„ dcu vorslclicndcn 1 abc Icn 1- nn 

ren (IronzNVcrlc dcs sind'nacb AUersgruppen 

lien Diabclcslypcn. le . Bellrube imd wieder- 

gcordncl. Dcr Bluldrucksleigerungen ausge- 

lioU gemessen, Nvcsbalb zulalli^c 

sdilossen sind. 


Diabclcskoniplikalioiien 

1 


Dcr Diabelos gcbl ■■'‘d" Tber "“k 

v.nn ein Diabclcs vom Zustiinden 

■'''er 1 a n do o"'’' ™" S “ui GoscUecld- 

,csct Kami c HypcrUiyreose, St«™e sind 

cilet soin, “■ iJniihildung usw. D'® aiobelise'"" 

mklioncn, abnonn „ tier vorbandenen ■ p,,!. 

dbslverslandlicb ^ ° ^t,„ dieser unoWianp^e P 

loffwochsclslbrung^J^d^^^^ 

rscheinunoG » rtinndotropen Hypop^^^ . 'pgiisymP 

alle der f “fSetes slclU da nur em 

ri in der endokrinen Stornn„ 
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Diabetes und Aiigciiverandeningen 

Unter den Komplikationen, weldie den Diabetes begleiten, 
haben die Augenveranderungen schon frvih Beaclitung gefun- 
den. Als recht spezifisch fiir Diabetes niellitus gelten Star und 
Retinitis. 

Das Sludium der Augenveranderungen beim Diabetes besitzt 
.spezielles Interesse, da die ophtJialmologiscbe Untersuchung 
diircii die direkte Betraclitung krankbafter Veranderungen be- 
sondere Moglichkeiten fiir eine exakte Diagnostik und fiir die 
iieurleilung der Bedeutung des diabetiseben Zustands fiir die 
EnBvicklung der Augenerkrankungen schafft. Die Scliwierig- 
keit ist, diabetische Augenveranderungen von solchen anderen 
Ursprungs abzugrenzen. Desbalb schwanken auch die Angaben 
im Schrifttum. 

Neben Katarakten und Retiniliden diabetisclien Charakters 
gibt es bei Diabetikern noch andere Augensymptome iiliolo- 
gisch zweifelhafteren Ursprungs, Chorioditiden, Iritiden, Kon- 
junktivitiden, Epitlieldegeneration, senile Veranderungen, Re- 
fraktionsanomalien von permanenter oder transitorischer Art 
u. a. m., bei ■svelchen in vielen Fallen ein bestehender Diabetes 
keine Bedeutung zu haben braucht. Diese konnen daher in 
einer genieinsamen Gruppe zusammengefasst werden. 

,Mein eigenes Material von Augenkomplikationen enthiilt 
'865 Diabetesfalle der verschiedenen Typen, samtlich ohne An- 
zeiehen einer Nierenschadigung und von einem erfalirenen 
Augenarzt eingehend beobachtet. Eine Gruppierung der Augen- 
komplikationen unter Beriicksichtigung der Diabetestypen 
' folgt in Tab. 44. 

BemerkensAvert ist die relativ hohe Frequenz von Retinitiden 
beim Diabetes vom Typus B. Da es die Gruppe B-Diabetes ist, 
iu Avelcher die insulinresistenten Falle angetroffen werden, 
kann dies mit der Beobachtung von Falta gut im Einklang 
stehen, dass Retinitiden bei insulinresistenten Diabetesfallen 
bauflger sind. 


1AI3. 44. 

Fiillcn von TlJnimf^. *»i*tuicn 


biahclcslypiis 

Fiillc 

K 0 m p 1 i k a t i 0 H 

Kalarakl 

Fetinitis 

Sonstige Ver- 
iinderutiffen 

Fiillc 

% 

Fiille 

% 

Fiille 

0/ 

Typu.s A 

398 

0 

1,5 

11 

2,8 

14 

Si 

Typus B 

245 

C 

2,5 

20 

8,2 

9 

3? 

Typiis 0 

222 

7 

3,2 

C 

2,7 

8 

3,6 

•Sa. 

sar, 








Diabetes iind Arfcriosklerose 

Beim Dialjeles isl die liaufigkeit der Arleriosklerose eine 
grosse {Bloiner, Bowen und Konig, Joslin imd White, Nathan- 
son, Rahinowitch, Warren ii. a.). F. Noorden belont, dass die 
Arteriosklerose kein obligater Begleiler des Diabetes sei. Die- 
selbe isl bei leichlen Diabelesfallen biiufiger, bei den sclwer- 
slen scifener. Yor der Einfiihrung des Insulins erreieJiten die 
sclnveren Diabelesfalle kein so holies Alter, dass sich arierio- 
sklerofische Sj^mplonie nachweisen liessen. Eine essentielle 
Hyperlonie ist nicht der Ausdruck arteriosklerotischer Gefliss- 
veriinderungen, weshalb Hypertonic beim Diabetes nicht 
gleichwertig mil Arteriosklerose ist. 

Mil der Einfiilirung der Insulinbehandlung und der in'er- 
durch bedingten langeren Lebensdauer der schweren Diabetes- 
ffille hat die Arteriosklerose auch unter diesen zugenommen. 

Bei der Beurleilung der Frage des Auftretens’’ der Arlerio- 
sklerose bei Diabetikern muss man zwischen der Wirkung der 
diabelischen Stoffwechselstorung und anderen die Arterio 
sklerose begiinstigenden Fakloren, wie Tabakgenuss, Alkoho 
lismus und Lues, unterscheiden. Einem erhohten Cholestenn- 
gehalt des Blutes beim Diabetes ist von einigen Autoren (z. »• 
von Joslin) eine gewisse Bedeutung fiir die Entstehung der Ar- 
teriosklerose zugeschrieben worden, was aber von anderen 
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{Falla) beslrillcn wild. Die Rolle des Cholcslerins iin Sloff- 
weclisel ist iinbekannl. 

Der Ziisammenhang zwiscbcn Diabetes and Arlerioskierosc 
isl nielli klar. Eine bobe Arlerioskleroscfrequenz ‘ licim Dia- 
betes brauebt nicbl imbcdingt zu bedeuten, dass cine diabc- 
tisebe Stoffwecbselslorung die Ursaebe der Artcriosklerose isl. 
Eci beginnender Artcriosklerose kann cs zu einer Ersebwerung 
des Stoffaiistaiiscbcs zwiscbcn Zcllen und Geweben infolge von 
Veranderungen der Pcrmcabilitat des Gefassyslcins koinmcn. 
Dadurcb kdiinen aucb Stcirungen der biologiscben Oxydations- 
prozessc in Organen und Geweben einlrclcn, mil einer Gewebs- 
anaerobie, die zu eincm Aspbyxicdiabcles fiiliren kann. Der 
diabeliscbe Zusland isl in dicsein Falle eine Folge dcr Arterio- 
sklcrosc. Es isl da ganz natiirlicb, dass die Arteriosklcrosc- 
rrequenz beini Diabetes bocb scin muss, aber Diabetes- und 
Arlerioskleroseproblem sind dabci auf ganz andcrc Wcisc mil- 
ciuandcr vcrkiuipfl, als wenn die Arleriosklcrosc cine Folgc 
cines vorlicgcnden Diabetes ware. 

Die Fragc des Zusammenbangs zwiscbcn Artcriosklerose und 
Diabetes isl indcssen nocb vcrwickcllcr. Man muss niiiulicb 
aucb mil dcr Mdglicbkeil reebnen, dass beim Diabetes unvoll- 
sliindig abgcbaule Sloffwccbselprodukic mil delclarcm Ein- 
i'luss auf Gefassc und Gefasswande auflrelen konnen, dcren 
Wirkung man nicbl kennt. Ein erboblcr Bluizuckcrwerl kann 
dabei eine grundsalzlicb verscbicdenc Bcdeulung crballen, 
wenn eine Kompensalionsbyperglykamie vorliegt, oder wenn 
derselbe auf einer Anbaufung von reduzierenden, unvollslan- 
clig umgesclzlcn Koblcbydralsloffwccbsclproduktcn bcrubl 
(vgl. S. 287). 

Trelen bei einer Stoning im Koblebydralsloffwecbscl anae- 
robe Abbauprodukle in gesteigerter Menge auf, so braueben 
diese den Reduklionswerl des Blules nicbl zu beeinflussen. Sic 
bringen da aucb den Bluizuckcrwerl nicbl zum Stcigen. Trotz- 
dem konnen diese Abbauprodukle Schadigungen des Gefi'iss- 
syslems verursacben, analog dcr priidisponierenden Wirkung 
des Alkobols zu arlerioskleroliscben und degeneraliven Gefiiss- 
veranderungen. Da eine abnorme Alkobolbildung der Aus- 
druck einer Anaerobic im Organismus isl, Irill diese ebenso- 


'Ohl .m H„ngc,' ,vic bci Nahrungs.ufuhr auf (vgi s 3181 

tin r !'T , """ ''"'"*"“>“'"8 diabelischer Ki,*!' 

die funf Jahvc lang cinc frcie gemischic Normalkosl cr. 

I.allcn linden, nudi Itcinorlei Anzeiclien von Arleriosklerosc 
Oder andcren palholo-isclicii Veranderungeu infolge der gc- 
Jleigerlen Naliriingszufuhr. Ein zur Klaruag der Frage der 
Bezichung zwischen Arleriosklerosc und Diabetes ~ob irgend- 
eiu Kausalzusammenhang bestebt and was in diesem Falle 
das Priiniirc ist, der arteriosklerolische Prozess oder die dia 
belische SloffAvcchsclsldrung 
Zeil nocb aus. 


gceigneles Material siehf ziir 


Was fiir die Arleriosklerosc gill, das gill in nock hoherem 
Grade I'iir die cUabctischc Gangrun. Bci Personen in hoherem 
Lcbcnsaller ist Gangriin an den nnlcren Extremitaten als einc 
Folgc arlcriosklcrolisclier Gefassveriinderungen auch ohne 
Diabetes keine seltene Erscheinung. 

Infolgc dcr liingercn Lebensdauer der Diabetiker nacli Bin- 
nibrung dcr Insulinbebandhing ist auch die Gangrtinfrequeaz 
beim Diabetes gestiegen. Die Insulinfherapie scheint dabei 
keinen Schulz vor dcr Eiilwicklung der Arleriosklerosc gewiihrt 
zu liaben. Nach Slrombcck slieg die Anzabl der in der chi- 
nirgiscben AlMcilung des Serafiinerlazarelts in Stockholm be- 
obacbtelcn Fiillc von diabclischer Gangriin nach der Einfiib- 
rung des Insulins iin Jabre 1923 von im Dnrcliscbnilt 2,6 auf 
4,4 pro Jahr, Die enisprccbcndc Frequenz seniler Gangran 
ohne Diabetes war durchschnilllicb 2,6 Falle pro Jahr vor bzw. 
3,3 nach dein Jahre 1923. 

Die diabctische Gangran kann auf verschiedene Weise ent- 


sfehen. . . 

Bei einem Toil der Fiille handelt es sich nm reine ariem- 

slderotische Verdndemngcn von oblilenerender i a “G ' 
init Arierienlbrorabosen in Gefiissen der iinteren ^ 

Nur wenn die Arteriosklerose eine Folge der la 
Sloffwechselstorung bildet, ist eine Gangran dieses 5P 
einem vorhandenen Diabetes verursacht. 1st dies n 
Fall, dann bestebt kein Ziisammenhang zwischen 

tes und der Entsfehung der hat. 

slderofische Gangran, welche einen Diabetiker le 
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Bei andcren Fallen isl die Gangriin cine Folge von spasli- 
schen Gefdssverandemnrjen Oder trophischen Storimgcii nervo- 
scr Art. Ancli in diesem Fall kann die Gangriin cine Parallel- 
erscheinung eines vorhandenen Diabetes sein, nnd beidc kon- 
nen durch einen abnonnen Reizziisland im vcgelalivcn bzw. va- 
sdmolorischen Nervensyslenis vcrursaclit sein (vgl. S. 8 ii. 190). 

Der Enlstebungsweise des Braudes nngeaclitel muss man 
zwisclien der primaren Ursacbe desselben nnd der sekundarcn 
Komplikation beim Hinziilrclen einer Infeklion slrcng unler- 
scheiden. Bei einer Infeklion erfolgt in der Regcl eine Ver- 
schliimnerung des diabelischen Znslands, mil geslcigcrlcr 
Azidose, wodurcli der Zusland nocb scblecliler, die Wider- 
slandsfaliigkeit der Gewebe verringerl nnd dem Fortscbrcilen 
dor Gangriin der Wcg gccbncl \s'ird. Eine cncrgiscbc nnd cffck- 
live Insulinbehandlnng kann dabei die sekundiircn Symptomc 
zum Zuriickgeben bringen, aber die primiirc Ursacbe des 
Brandes blcibt besleben, iind chinirgiscbc Hilfc kann crfor- 
derlicli werden. 

Als Beispiele fiir die Entwicklimg eines Diabetes mil Gan- 
griin werden folgcnde sieben Krankcngeschicblcn angcfiihrt. 
Zii einer slatislisclien Kliining der Frage der Beziebungen 
zwisclien Diabetes, Arteriosklerosc nnd Gangriin isl ein grds- 
sercs, in alien Pnnklen dnrchgearbeitelcs Material crforderlich. 

Fall 80. Alfred A., geb. 18G7. 

1921 Icichtc Gehirnllirombosc, wcichc sicli 1931 wiedcrhollc. Soil 
1930 zeilweisc Schmerzen in den Bcincn, besonders ini rcclitcn. In 
(liescr Zeit wiirde ini ZHsainmcnliang mil cincni infizicrlcn Clavus 
am reclilcn Fuss ein Icichter Diabetes cnldcckl. Slrengc Dial (FeU- 
Gcmusckosl + 70 g Brol) 'wahrend dreicr Jahre. Ini November 1933 
Ijcginneiide Gangran des reclilen Fusses, und im .luni 1931 niusslc 
des rcclilc Bein hoch ampuliert werden. 

Diabetes voin Typus B. Blutdruck 200/100. 

Palhologisch-anaiomischcr Befund: llocligradigc Arlcriosklcj-osc 
der Gefasse des Bciiis mil fast vollslandiger Obliteration der Art 
poplitca. 

Fall 31. Ellen F., geb. ISGG. 

Scit 1915 Arthritis-deformansbesclxAYcrdcn im rechlen Knic und der 
rechten Schuller. Herzbeschwerden mit Kurzalmigkcit und An- 
scmvellung der Beine scit 1923. 1931 wurdc zuffillig Zucker im Urin 


uC ts'’™ SS-t; ”' «' 4 

.0 “ "rs sri“ = “■■" ^ 

dos reel, ten Fuss^ m d 

Bcincs. Amputation des reclitcn 


Fall 32. Ilarald J., gob. 1881. 

192o wurde bei ciiicr Unlersiichung fur Lcbcnsvcrsiclicrung zufallig 
/Aickcr fcslgcstcllt. Nach einigen Tagcn leichtcr Diat vcrsclnvaiid dcr 
Ziickcr, dann^ kcinc anderen Symplomc. Scit 1936 Icidite Herzbe- 
schwerden mil praekordialen Schmerzen und Kurzatmigkeit bei An- 
sfrengungen. Iin Juli 1939 Ilautabscliurfung durch Schuhdriick, Osti- 
•fis mid Sccjucstricrung dcr linken kleincn Zche. Ini Januar 1910 gc- 
hcilt. Am August 1910 infizierlcr Clavus an dcr rcclitcii klcincn 
Zclic. Ini Anschluss daran culwickelte sich cine Gangraii des reclitcn 
I'lisses und Unlcrsclicnkcls. Das rcclitc Bcin mnsstc iin Oklobcr 1910 
fiber den Knic aniputiei-t werden. Cluldruck 140/80. Lcichlc Kardio-. 
sklc'rosc. 

Leichtcr Diabetes voni Typus B. 

Pathologiach-analomischcr Befund: Ausgesprochenc arlcriosklcro- 
fischc Verfniderungen, aber dazu Anzcichen dcgencralivcr Nerven- 
Ycrandcnmgcn mit Zcrfall dcr Markscheide peripherer Nerven. 


Fall 33. Gustav A., gcb. 1885. 

Frulicr stets gesund gewesen. Der Diabetes wurde 1923 konslalicrt. 
Massig strciigc Diiit. Soil Herbst 1931 zichendc Schmerzen in en 

Fiisscii. Bluldruck 145/85. , 

Diabetes vein Typus A. Eontgenbefund: Ausgesprochene beta - 
verkalkung in den Arlericii des Unterschenkels und Fusses, naraen - 
lich ill den Mclatarsalgcfassen. Wa.R. neg. Cai'diosckrosis le^ 
1934 zunehmende Paraslhesicn in den Inissen her g 
Sensibilitat an den Fussen und Unterschenkcln. 
beginnende Gangran dcs linken Beines, iin Januar 1910 Amputa 

uber dem linken Knie. . ,,, ver- 

Pathologisch-anatomischcr Befund: Starke ai'lcno^ gen peri- 

aiideruiigen in den Gefassen und degenerative \crandeiung 

pherer Nerven. 


Fall 34. James L., geb. 1883. _ -t • e etwas 

1921 Gallensleinanfall. Im Zusammenhang entdeckt. 

urslgefiihl. Im Sommer 1922 wurde ein leich e ^ Fussen 

Ss4 slrcnge Dial. Soil Friihjahr 1934 Paraslhc.on .n den 
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und Zchcn. Ilochgradigc Gcfassvcrkalkung in clcn kiisscii unci Un- 
lersclienkcln. Wa.R. ncg. Bluldriick lCO/90. Kardiosklcrosc uiid 11c- 
linilis voin diabclisclicn Typus. 

Diabetes vein Typus B. Im Frfihjahr 1936 begiunende Gangrau 
dcr 1. uud 2. Zehc dcs linken Fusses. Im. September 1936 Ampuln- 
lion dcs YOJ’dcrcn Toils dcs liuken Fusses bis zur Iirdflc dcr Mcla- 
larsalkiioclicn. Trolz liochgradigcr Gefassvcrkalkung Sekundar- 
hciluug ohuc Rezidiv. Mit Insulin (32 -1- 32 I. E.) ging cs Pat. dann 
gut bis Oklobcr 1912, wo or plolzlich an Ilaemorrhagia cerebri ad 
cxituni kani. Dcr Fall ist vom Slandpunkt dcs Chirurgen von 
Strdmbcck bcschricbcn worden. 

Fall 35. Cai-1 T., gcb. 1SS3. 

Yatcr an Diabetes gcslorbcn. Pal. Icidct von Kindheit .'in untcr 
Bliilwallungcn nach deni Kopf. 1900 wiirdc zuffiliig Zuckcr im Urin 
konslaticrt; dcr Zuckcr vcrschwand nach kurzer Zeit. Sonst gesund. 
1917 (fu.alcndcs Durstgefuhl, wobci dcr Diabetes fcsigcstclll wurdc. 
Soil dieser Zeit sohr streuge Dial, zcitwcisc olinc Brot und Kar- 
loffclii. Im Ilcrbst 1910 Hcrzbeschwcrdcn mit prackordialcn Schmer- 
zon und Ansclnvcllung dcr Bcinc. Im .lanuar 1911 zuncluncndc 
Parasthesicn im linken Bcin. 28. III. ‘11 Bluldruck 213 — 170/90; Kardio- 
sklcrosc und ausgcdchnlc arlcriosklcrotischc Gcfassvcrandcrungcn. 
Ncurologisehc Untcrsucluing; Kcinc Scnsibilitals- Oder Rcriexslo- 
rungen. 

Leichlcr Diabclcs vom Typus B. Die Insulinbchandlung wurdo auf 
Grand rclalivcr Indikation mil 21 -k 20 I. E. cingclcitct. Trolzdem 
iiabiueu die Bcsclnvcrdcn im linken Bcin zu. Im Nowember 1911 
beginueude Gangran dcs linken Fusses, wclchc trolz inlcnsivcrcr In- 
sulinbehandluug, Priscol, Azetyleholin und Nilroglyzerin, Pavcxbe- 
liandlung u. a. m. Fortschriltc maclitc und im Dezember d. ,T. zur 
Aniputalion dcs liuken Beinen iibcr deni Knic zwang. 

Falhologisch-analomischcr llefiiiul: Ilochgradigc, tcihveisc oblilc- 
ricrende Gcfassvcrkalkungcn, Vcncnlhromboscn und Ncrvcndcgcnc- 
lalion in N. tibialis und Nn. pcronaci (sujicrfieialis cl profundu.s). 


Fall 36. Jlaric A., gcb. ISO."). 

Beide Eltcrn Diabetiker. 1910 Basedow, .Todbchandlung ohuc Opc- 
i.alion, nach ca. 6 Monaten wicdcrhcrgcslelll. 1915 im Zusammenhang 
nut GravidiUlt zuuchmcndc Korpulcnz, das Gewieht stieg auf 120 kg 
(1925). ■\Viedcrholtc Entfctlungskurcn in Marienbad. Seit 1939 
bchwindel, Kopfschmerzen, zcitwcisc Angstgcfuhl und Unruhe, 
larasthesien in Fingern und Zehen, mituntcr Anschwellung dcr 
inger. Schlaf schlccht. Im Marz 1912 BJasenbildung an dcr rechten 


mfi^icrlcm GcsclnvOr medial. Nach AuS^ 

!e,<,cs gCclll. ..„ Aagasc «..2 gtg^t ulL 

c clci ICC lien l-iissolile, anfangs abgcgrenzt, daim aber trolz for- 

gefassenveiternder Milte] iim sicJi 
gic fond; cs kani cine pulridc Infcklion liinzu, ^Ycshalb im Okiobcr 
( . . ahr die Aniputalion dcs rcchlen Fusses und unteren Driltels dcs 
unlcrsclicnkcls aiif Grand vilalcr Indikalion Yorgenonimen werden 
imisslc. 


^ Pallwlogisch-anulomischer Bcftmd: Lcichlc artcrioslderolische Gc- 
fassYcraiulcningcn, aber niikroskopisch mchr odcr minder ausge- 
sprochcnc Ncrvcndcgcncralion mil Zerfall dcr Markscheide in peH- 
])hcrcn Teilcn. 


In bezng aiif Herzkoinplikaiionen beim Diabefes gilt weif- 
gchencl das bei dcr Arleriosklerose Gesagle. Hier ist es von be- 
xondcrer Bcdeulung, zwisclien Ursaclie iind Wirkiing zu iinlcr- 
scheiden, da die Beliandlung sonst leicht aiif Abwege geralen 
Icaiin (vgl. Fall 7 S. 270). 

Eiii sicberer ursacliliclier Zusammenhang zwisclien Diabe- 
tes und Uerzveranderungeii besleht beim bedrolilichen Dia- 
betes, vvenii die Kclonkorperbildung steigt und ein Praekoma 
eintrilt. Dabei sind bisweilen Veriinderungen des Eleklro- 


kardiogramms zu beobachien, vvelche auf cine geslorle Herz- 
funklion liindeulen, Dicse ist eine Folge einnial der Versdiie- 
])ung des pliysikaliscli-chcmiscben ReguIationsgle^cbge\^icllls 
im Zusammenhang mil der Azidose und ferner der lierabge- 
selzlen Kohlehydralverwerlung niit ungeniigender Glj^ogei> 
syiithese. Diese Herzvcranderungen sind transitorisch im 
^'c^scb^vindcn, wenn die Ketonkorperbildung 
linAvirkung aufhorl, die Azidose verschwindet und der - 
hydrafsloffwechsel besser Avird. Wenn dagegen le 
korperbildimg nicht zum Slehen kommt. sondern ^ ^ ‘ 

48se Zusland Forlschrille u.achl, ta.,„ d.e 
Herzfunklion dem Kranken zum Yerbangms 
Tod infolge von Herzkollaps verursachen. In g 

bei hochgradiger Azidose und . ^^‘erden. 

stand des Herzens stels aufs sorgfalligsfe beac 



IX. ABSCHNITT 


Der enclogeiie Rhytlinius cles StollAveclisels 
imd die Diabetesbeliandlimg. 


Diabclcs iiiid DiiiL 


Das crslc Erfordernis fiir cine ci'folgreichc Diabclesbchaiul- 
hing ist cin moglicbsl klarer Einblick in das Wesen dcs diabe- 
iischen Zusfands. Liegt als beilrageiider Faldor bci der Sloff- 
wcchselslorung ciu Mangcizusfand vor, so isl zucrst dicscr nach 
Mogliclikcit zu bcseitigen. Ohnc Riicksichl bicrauf zu vor- 
suchen, durch Nahrungsbeschrankung odcr KohlchydralcnF 
ziehung Blulzuckergchalt und Zuckcrdiurcsc Iicrabzudriickcn, 
mil der Absichl, dadurcli einen vorliegcndcn Diabelcs zu bcs- 
sern, das ist koine ralionelle TJierapie. Bei Diabelesformcn 
vom Typus A \vird die SloffwcchseJsldrung hicrdurcU luir 
sehlimmer: die Glykogenbildung gelil zuriick und die Kelon- 
korperproduklion iiiinnit zu, jc grosser der Koblchydral- 
iiiangel im Organisinus 'wird. 

Selir lehrreich isl ein nahcrcs Sludium dcs Vcrliallcns dcs 
Blulziickers beim Diabetes in Tab. 19 S. 288 (Fall 1 u. 2). Die 
Tabellc slamml von vier Diabelesfallen, z^Yei vom Typus A 
und z\Yei vom Typus B. In dersclben Blulprobe isl bier der 
Bliilziickergeball einerseils mil dcr gewdbniicben Hagedoru- 
.Tensenschcn Reduklionsnielbode und andcrcrseils mil einem 
iiir das Hexosemolekiil spezifischcn Verfabren, der Orzinmc- 
j diode (vgl. S. 97 u. 287), Ijoslimml. Aus der Tabellc gebl ber- 
I vor, dass dcr crsle Diabclesfall vom Typus A bei Bcslimmung 
I uach Hagedorn-.Tensen wabrend cincs Hungerlages uormale 
1 Oder subnormale Blulzuckerwerle aufweist. Die Blulzucker- 
,1 lieslimmung mil der Orzinmelbode zeigt dagcgcn, dass Gly- 
l! kose im Rlul bei Hunger vollsliindig febll. Bei Nabrungszu- 


iiilir sloigl dor Hexoscngchalt des Bliilm w» 

ro''fcosc„i„t 

B‘nWockicrler Fom vorlmnd” n™T“ 

I!ei dem zwcilen Fall von A-Diabete in der Tabdlc isl dcr 
cd.,kl.onsv.ert dos Blulxuckcrs dagegen erhSh,. Trolz fa 
Jliingers isl hior dor Orzinwcrl crlicblich holier. Bcrcils iin 
lunger fmdet sicli also hier ein bedeutender Kohleliydrab 
ubcrschuss im Blulc. Avcicher iiicht normal umgcselzt wird. 
;.rliaU in dicsem Falle dcr Palient eine gewolinliche, gcmisclde 
freie Kost, so slcigt zwar der Rediiklionswert des Blutzuckers, 
der Orzinwcrl hingegen sinlct und wird sogar an ein paar Zeit- 
punklcn null. Dies bcdcutel, dass sicb der Kolileliydrafsfoff- 
wcclisel trolz der slcigcnden Rcduklionswerte gebessert bat, 
was sicli aucli in einer geringeren Ketonkorperausscbcidinig 
zcigl. 

Bei diesen beiden Diabefesfallen vom Typus A mil exlrc- 
nicn Veninderungen des Zuckergchalls des Blules ist daber die 
Verabreicluing einer normalen, gemischlen nnd geniigend 
kohlchydralrcichcn Nahrung in massiger Menge eine vollig ra- 
lionclle Tlierapie. Hunger nnd Kohlehydralentzieliung ver- 
ursachen bei diesen Fallen eine Verschlecbferung des Koblc- 
liydralumsalzes, wodurcli die Stoffwecliselstorung als Ganzes 
vcrschlimmert und die Schadigung des Fetthausbalts grosser 
wird. Dies zeigt sicli u. a. in einer gesteigerten Ketonkorper- 
nnd Cholinaiissclieidung im Hunger, ein Zeichen eines beeni- 
iriichtiglen Lipoidsloffweclisels (s. Tab. 28, S. 318). > 

Hunger Idsst sicli dementsprechend in diesen Fallen nicMs 
erreichen, auch wenn die Zuckerdiurese vcrschwindet. 

Ganz aijders liegen dagegen die Dinge bei den beiden m- 
betesfallen Typus B (Fall 3 u. 4, Tab. 20 S. 28 ). 

Diskrepanz zwisclien Reduklions- und . Bjule 

ziickcrs diirchweg niclit so gross. Em Hexoseman.e 
licgt bei diesen Fallen selbst im Hunger mcht 
Blutzucfcerregulalion geniigt in diesen Fal . Bei 

dass der Blutzuckerbedarf des nicht in 

Nahrungszufiihr hingegen werden die ‘ an. 

normaler Weise abgebaiit, sie haufen sicli dalie 
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tab. 45. 

(Icr lioeljstcn und nicdrinstcn vnn >1 

I)Iu(2„ctm«crlcn tel 30 FaiirwTDhL’’""" 

i TT I 


Hung 


Blulzucker 

Hagcdorn Orzin 
mg % mg % 


Mil 

Ketoimrie: 
Olov A. 
Goran W. 
Bijrjc G. 
Karin P. 

Ulf N. 

Anna H. 
Slurc A. 

Lisa H, 
Frcdrik S. 
Ann-^fa^ieW. 
Giisla N. 
Hildur A. 
Erik R 
Ingmar 0. 
Halvard L. 
Ola T. 

Ebba K. I 
Ake E. 

I Ohne 
Kelonuric: 

ArvicI H. 
Anna N. 


87 + 27 
100 + 42 
107 + 42 
110 + 25 
135 + 29 
145+ ’5 
150 + 42 
155 + 37 
159 + 93 
103 + 35 
175 + 28 
218+49 
233 + 24 
249 + 35 
252 + 79 
259 + 152 
298 + 49- 
320 + 213 


48 + 32 
54 + 34 
90 + 38 
59 + 22 
83 + 23 
184 + 07 
101 + 38 
123 + 34 
174 + 40 
112 + 25 

148 + 51 
101 + 45 
209 + 34 

149 + 43 
197 + 73 
211 + 142 
135 + 38 
192 + 130 


Kara L. 
Gunnar 0. 
Einar A. 
Selma S. 
Ingcborg S. 
' Gerda A. 
Hilda S. 
Holger H.’ 
Brilta S. 
Gunnar K. 


118 + 25 
122 + 24 
125 + 38 


[75 + 19 
70 + 20 
70 + 29 


102 + 45 193 + 37 
109 + 41 140 + 55 
170 + 33 139 + 37 
181 + 45 97 + 48 
191 + 80 108 + 84 
200 + 75 104 + 94 
212 + 35 153 + 53 
220 + 90 131 + 82 
255 + 73 102 + 08 


8-20 ^Uh r ■ Blulzucker s-Ji'ni.. 

„ , +o.\y- ' “ ■ ~r?rT 

Zuckcr bmigj.. Hagedorn Orzin Zucker 
g s^re 

mg 


Gewohnliche Kos 


35 231 + 52 162 + 53 79, c OP 

369 326 + 38 247 +-44 111,7 0 1 

93 403 + 132 303 + 83 87,7 0 1 

54 240 + 145 175 + 95 18,3 0 - 

2923 351 + 89 ’ 223 + 77 53,5 811 1 

48 240'+ 42 453 + 113 80,3 0 - 
178 200 + 82 210 + 66 82,5 0 1 

88 350 + 47 247 + 52 104,3 0 - 

178 359 + 82 291 + 49 49,4 0 - 

2838 338 + 75 242 + 63 257,5 0 I 
1144 253 + 93 159 + 76 ip5,3 602 - 
1023 350 + 58 240 + 41 72,0 0 I 

528 299 + 76-225 + 62 129,4 0 1 

153 383 + 61 315 + 75 105.9 0 1 

I 1330 273 + 100 147 + 91 39.3 0 I 

194 270 + 131234 + 119 39,7 0 1 

8852 359 + 93 299 + 85 121,3 0 1 

2198 247 + 109 224 + 116 60,c 0 1 


239 + 54 
108 + 23 
201 + 24 
262 + 35 
330 + 61 
345 + 62' 
276 + 14 
248 + 9^ 
260 + 62 
334 + 101 
172 + 44 
322 + 107i 


170 + 49 
70 + 24 
146 + 28 
174 + 35 
271 + 47 
277 + 41 
179 + 30 
200 + 79 
215 + 38 
233 + 87 
82+49 
226 + 75 


1 Gewohnl. Kost + Insulin. 
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;.n«»l.. Uann aas 

Acjssgehalls der Nalming angcbracht sein. Es Et-zur Zeitnicht 
moglich, eine optimale Ehveissmenge anzugeben. Bei einer 
)asenreichen Kost darf die Eiweisszufuhr nicht zu gross 
scm, urn die oxydaiiven Stoffwechselprozesse nicht iinnolig 
zu ])elasten. In diesem Punkle imterscheidet sich die Kost des 
Diabelikers durchaiis nicht von der aiich fiir nicht Zucker- 
kranke raiionellen Ernahrung. 

Die Zeiten fiir die Nahrnngsaufnahme sind unter Beriick- 
sichligung der Assimilafionsperioden des Organismus festzule- 
gen: Hauptmahlzeit mitten am Tage, leichtere Mahlzeiten mor- 
gens imd abends (vgl, S. 75 u. 273) . 

Das Verhalten der Zuckerdiurese und des Korpergewichls 
gibl l)ei der Beurteilung des Ernahrungszustandes und der 
Konlrolle der Nahrungsmengc wertvolle Fingerzeige. Dies gill 
auch ])ei einer riclitig geleiletcn Insulintherapie. 


Insuliiibeliandlung und eiidogeiier Rbythnius 

Ein auf mangelliafter Insulinwirkung beruhender Diabetes 
ei-fordert Insiilinbeliandlimg ziir Besserimg der Stoffweehse - 
slorung. Die Ketonkdrperbildung isf dabei in den ' 

Icn ein wichtiges Kriterium fiir den Insulinmangel (s. . - • 

Auf Grund der periodischen Ketonkorperbildimg ira us 
menhang mil der rhylhmischen 7.“ ^ 

linljehandlung der periodisdien Taligtal dei J ^ ^eiiio 

gule Richlsohnur fur eine rationelle 

Bei ketonMrperbildenden ^'“^''''^“aTKelosaurcwellcn im 

,?.Oxybutlersaureausscheidung spjegein ^ 

AussLidungsdiagramm die “ die P- 

rvider, Bie Insnlindosierung soil da m.t Rui*e"d'‘ 



ONyliulU rsiuin-wi’llv'n <1 it f**'''*!'"''*'?* 

woaU-n, Ml (!;iss (lu- KflonUiinM-iliildun*^ H;! «n.- di- 

rt-kU* luMiUinvirkuiv^ virr ShmiWu {'T*- '''• 

ujul (lio Knlwifkluui,’ (ii-r ^kOxyliuMirsinHi'vollin 
tVu'scllu' Zoil i» Aiispruclt nimnU. niusM M l*’’i riii'-r ntlh 
^fk'UiAi'n InsuUnUu'Vapu' U ini>j:Uch rtt* 

I*-! <lii‘ ivt tiitikiirjtrrkitiluuj: h' rrii'> in (i;*!!!.! K* - 
Konmu'ti. iH'vor tla*- Invniin ?u \vifk< ti ;<n(;in*KM. '•<' v.-rsr!tu in<M 
cijo Kol'Miurio ioi'lit nml k.tnn :\ur!i 

wfiiii (lie In’>nlinwirk(in^’ /filwriM’ ■•o '.l.itk ''ifil. 1»yj>*»- 

ulykamiMiie HeM'h'venl.-n W,-!U> di'- ltiMi!iii(|..v;< ,ki 

auf eiiien :;i'ei',;neh n Zi-itpnnkl \er‘‘i hi>l>' n m. ij»k s* r'-'!»v'>iuil» t 
(lie Ke(''iik«">r|»er.iu*-'-eln-iiliitiN '<l»r ra'-eh. 

Der I'all i*-! eiii Hi-ispii l Itir ]-< <fr"hlif‘lten nialx te'*, 

hri wrlt'hi'jn die ItiHulinkeliatullims; ‘.cltou \>>'i \*>tnk« r» in tiU' 
Sfcr Ileriiekvieldiiliin'^: d> ^ end<*i:<'!»<'n ltli% Ilituu*. < iiu;ek-il<-! 
wurde: 


I'r.a :;7. A^!.lA.vl^ I'd*' 

I’lii YiUrr .!.•[ Mail, r ;>n J)!-!-!--, c.'-'i ii;!-!!!' id--,: rjMifhe 

it r.ial.uMinj; I >‘' .lUS'.!. I'.hi!. lae.i! V'.’-- I.i idvt "-it !e>krrj,-i! 
J;!tiri'a .li! Mif’r. '<(!••; dr-' k>' ra;i a *J d 'i'.Sf'r i Jih.iU''!'. 

Sfuet Mi l'* 'tind ja V i Ma. i ikt.au.i'- N*-*,.-;;*!.- ; 

'iinoliriii .’!(ic(ii Inir'tl. n< raJerireau' d>". tiait A! 

ri!!u; Uni* 'ih.'irf'.lt-a Ap;''’'!'- M»i!<- l)r.'< ad-f-t d. J, 

wotik Hite i\tir,’:ii!ui;:i,iii e.ad lU t ;l.< n I’lr S’.itiieiai •aihir 

(!;> < inca Ar;i :ai(, v.rVJn'r >!( a Ui;',?.. ii - {. U- MI, 1’’ . vA.-hi 

nl,' kc; iii'i j-Mu-r I. .'ana- \<,n I"’i ne, litu’n!; nek k.'j > • Aeivahiaii-r- 
i'nniil Ii('i<!i’i • ni'. nixl iniu rr 0!;ait;f- u. Ik Iki- hirr • 'in;a A!-- 
Iiiliiuin; ‘X’r /--ii't d.e- AieThrjiltsiu'-.diaat.aiuii an in-.nhnfr.ara 

'IkCcri, vnji v.idrln n drr ctiH- tin S.i*,: '.sat. An d:i •< >» m s- 

'chwitiili.i ilii- /.ui-la'iasfn.rlsehhinsk alii-r c-. isrtns ;*v.r'; tUssiiii'Ise 
eiiflfisaw' Ki I'i‘,.nire\vr!lfn mn .S h'v.'. Ii". Thr N.n h is!!)- 

>el7('!i drr Inenlindo- cn an dir-rn Zeitm \rr-.ekev;int! hri t itn r {reis-a, 
k'ani-clstcn Nni ni;dk(n.i li.tkl jt'dc Sjnsr vnn Kr'.daist ir !>ir Znrkrr- 
rnt^'riicide.ns’ kc’iund nnrh « ink'r Z.-ii \<.riti-r, war sdx-r Mil!.- .knii! sr 
l>ti cincr ni a :ri I,!-:, cni'-jurthindin Jn-.nlindi«-,i.. fildi! ).'*nia i’ ^n:■ 
Iiandi-n; <!ic IiissiHiidoMs nni'.'.ic ikt In-iaksaMl.-i v,ciil( !i, ntn lisMd'iis- 
iK'w'hwi'rdrn 7ti vcnncidi-n, nnij ?w;ir aiif k*! :>{ I. K,. n;ieh 

\vu' \i,r 1,(1 ciucr fnlrii ja-ml'-i-hiai Da., (ii-wirlii wat iis- 

7Askrhci) :i\i{ kj; k' -.lii ken. Dir Daiii-niin i^t •.riuh in l>ri 
Hentmnlcr liiMilindosi.; Hcsniid iiml vrdl arlu-il-.faltin jaAv.wtn, Dri 
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Abb. 93. Ausschcidungsdiagramm bei frischem ketonkorperbildendem Diabolcs. 
Zu beachlcn sind zwei deutlich markierte endogene jJ-Oxybullersaureaussi'Iifi- 
dungswcllcn wahrend des Hungeriages bei verschwindenderZuckerdiurcse.Wcnn 
das Insulin an dcm Zcitpunkt des Tagen gegeben wird, an xvelchein sich diesa 
^-OxybuUersfiurewellcn zu enlwickeln beginncn, versdiwindel die Kelonuric 
spui'los, abcr die Zuckcrausscheidung besleht bei vermehrter Kost noch cimge 

Zeit xveiler. 


ciner Anfrage im Sommer 1939 wurde die Frage nach deni A ■ 
gemeinzustand folgendermassen beanhvortet: ^ 

))Seit der Behandlung im Dezember 1936 mit Insulineinsle uiio 
gclit es mir viel besser, und auch die Kopfschmerzen sind jetd 
schxvunden. Meine Dankbarkeit fur meine gute Gesundheit id 
Bin zur Zeit in einer grosseren Hutfabrik angestellf, «nd “ 
mir dort wegen uninteressanter Arbeit yielleicht nicht so 5“’ 
aber desto grossere Anstrengungen aus. Bin unbeschreiblich ro 
die mir ziileil. gewordene IIilfe.» 


Im Gegensatz zu deni vorstehenden Fall, bei . 

dosen von vornherein dem endogenen Bhyllmnis 
passt warden, bietet der folgende ein Beispiel fm be 
Diabetes mit zunachsl an im Verhaltnis zum en ogen 
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mils falschen Zeilpunkten gcgebenen Insiilindoscn sowie mil 
falscher Kosteinstellung: 

Fall 3S. Folke R., geb. 191G. 

Grossniuttcr vaterlicherseils hat Allcrsdiabeles. 

Pat. war fruher stels gcsimd, crkranklc Sept. 192S iinlcr zii- 
nchmendem Durst und nahm in 3 Woehen 5 kg ab. Im Oktobei 
d. J. wurdc der Diabetes festgestcllt. 1 Mon. stationare Behand- 
lung init slrenger Fctl-Geniiisediat + CO g Brot. Der Durst ver- 
schwand und das Gewicht stieg. Pat. war niiidc und hatte sdilcchtcn 
xVppetit. Dez. 1929 wiedcrum Durst, noch geringerc Esslust und 
Atemnot. Pat. nahm in 2 Mon. 10 kg ab, trolz genauer Difit. Fehr. 
1930 Yerschliinmerung, I’on neuein stationare Bcliandlung, Daucr 1 
Mon., wobei Insulin eingesetzt wurdc, ausserdem strengc Diat. Bci 
der Entlassung Insulin 32 + 28 I. E. uni 8 hzw. 19 Uhr. Besscrung, 



I fS ?0 0 U 6 f2 i6 70 0 4 S t2 t6 70 0 U B t2 IS 70 0 U i f2 IS 20 

Zeii 


OUhr 


kctonkorpcrbildcndcm Diabetes mil au- 
Sfnen ln\?.rn' "'"v? RlD’Hmu.s an falseben Zcilpunklcn gc- 

iiVit?-.- Man beaebte die beiden stark hervorlretenden R-0\\- 

Yorsnehstage (21.VII.) niit zivei Ins.dinisel 
(zwc ShS® der lelzlen Insui.ngabe dcs Tages anf einen andcren Zeitpunkl 
t^^^el Slnnden eber) und Ic.chler Sleigcn.ng der Insulinmcnge versciS 

die Kelonurie. 




(Sdnvctaausbmch, Sch™sa, 

““ f Z"*lbn<Is ™ juli 1935: Gcwlchl ffl 
O. . go 18/ cm, Ausscliciduiigsdingramm siehe Abb. 91. 

1 \ ^ machlcn sidi starke cndogene Ketosaurewellen bemerk- 
aaf' If ^'crsclnvandcn, iiachdcni die z^Yeite Insulindosis von 19 
ciiit 1C Ulir Ycrlcgt vvorden war. Der Insulinbedarf entsprach ki 
cincr gcniischtcn freien Kost 40 + 40 I. E. ^ 

Bci der Anfragc im Jahrc 1939 lief folgende Anlwort anf die Fra^e 
nach dem Unlcrschied im Zustandc nach Umlegung der Behandlung 
nn Jidi 1935 gegcmlber v'orhcr ein; »Viel bessercr Gesundheilszu* 
.*j|and, bcsscrc Laune und sonst cine Veranderung, welche sich in 
AYorlen nicht ausdrucken lassl.« In cinem beigefugten Brief heissl 
es weiler: »Ich muss wirklich um Enlschuldigung fur die Gleicli- 
guUigkcit bitten, die ich an den Tag gelegt babe, indem ich nicht 
fiber die vveiterc Entwicklung meiner Krankheit nach der revolu- 
tionicrenden Umlegung 1935 bcrichtele. Jahr nach Jahr ist indessen 
vergangen, und ich habC/ so gut wie alles essen konnen, ohne die 
Speisen gramnnveise abzuwiegcn, und habe mich wahrend derganzen 
Zeit VYunderbar wohl gefiihl.« 

Bci der Nachuntcrsuchung im Mai 1941 war der Gesundheitszustand 
ausgczeichncl, Pat. wog 76 kg, seitens der inneren Organc teinc 
Yerrindcrungen, Bluldruck normal, Urin frei von Zucker, Ketosauren 
und Eiweiss, sowie normalcr Blutzucker. Niemals Insulinbeschwerdon/ 
Die Insulimnengc, welchc in alien Jahren nach der Umlegung 1935 
40 + 40 I. E. bclragen hatte, vvurde auf 36 + 3G I. E. herabgesclzt, 
was dann hcibehaltcn wurdc. 

Bei jeglicher Insulinbehandlung ist eine Oberdosiening zu 
vermeiden. Sofem ein chvaiger Insiiliniiliersdiuss nicW aio- 
geschieden Oder auf andere Weise vom Organismns imsc iaa- 
lich gcniaclil vird, kann derselbe eine GeS'”*®"'''"”" 

slcigerler Reizbarkeil des vegelaliven Nervensystems » ten 

!vgl. Abb. 31 S. 8(5), Eine falnebe Insuhndoternn^l^^^^^^^ 
bei nervose Reizzusliinde hervorrufen, ^ 

schr liislig wei'den konnen. Der Mgende 
fiir einen Diabeliker mil starker Insubnu er 

Fall 39. Herbert E., geb. 1894. 

Keine erlaliclie Diabetesbelastung. Abmagerung- Der 

August 1932 ziinehmender ^^st, Mud « ^ nken- 

Diabetes wurdc da konstauert un ‘ ‘ ^ olmc Insul"' 

haus mit stronger Diat 
handelt. Der Durst liess nacli, Pat. ah 
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„ahm in 3 Monalen ^vcilcrc 10 kg ab. Im Januar 1933 tussle cmc 
Insuliubehandlung mil klcinen Dosen cingclcilcl ^^;crdcn. 1936 im 
Januar cin diabcliscbcs Konia bci Gclcgcnbc.t 

worauf die Insulindosis stark geslcigcrt AVurdc (80 + 40 + 80 I. E. uin 
G bzw. 12 u. 19 Uhr). Diese Dosen wurden dann bis Juni IJdb Dei- 
behallcn, nach w'ic vor bei slrengcr Dial mil 50 g Brot als Koh c- 
hvdral. In den letzten beiden Jahven oft InsuUnscliockc, PaL konnlc 
bei jedem Anfall bis 2—3 SUindcn bewusstlos scin, dabci Krainpfc. 

Bci der Bcobacblung im Juni 1938 ergab sich das in dcr folgcn- 
den Abbildung (95) wicdcrgcgcbcnc Aussebeidungsdiagramm. 



Abh. 95. Aussclicidungsdiagranim bci kclonkorpcrbildcndein Diabetes mil zii- 
vicl Insulin. Zu beachlcn sind ICctonuric uiul massige Zuckcrdiurcsc bci 3 
Insulindosen, 120 I. E. cnlsprcclicnd. Bci schrittweiser Vcrringcriing dcr 
Insulindosis vcrsdiwand die Kclonuric, um wicdcrziikominen, als die Insiilin- 
menge iinziilanglicli wurdc. Bci zwei dem endogenen Rhylliinus angcpasslcn 
Insulindosen versclnvand die Kclonuric. Dcr Insulinbcdarf war 48 + 48 I. E. 


Schon ain erslen Probetage wurde die Insulimncngc aid 00 + 40 -F 
20 I. E. herabgesetzt. Bel dicser Insulindosis lag am l.VI. sowolil 
Ziickeraiisschcidung wie Kclonuric vor, was aus dem Diagramm er- 
sichllicb wil'd. Bei glcicliblcibcndcr Kosl und Schritt fur Schritl 
verminderler Insulinmenge versclnvand wrdirend der nachslcn Tage 
dieKelonkorpcrausschcidung olinc ncnncnswcrlcs Slcigcn dcrZuckcr- 
diurcso. Als die Insulinmengen am 5. VI. bci 12 + 12 + 12 I. E. angc- 
laiigt waren, sclzlc die Kclomiric wiedcr cin und nahm am 7. VI. stark 
zu, wesbalb cine Extrainsulindosis von 20 I. E. am Abend gegeben 
werden inussle. Dcr Tagesbedarf an Insulin cnlsprach 48 + 48 I. E., 
dem endogenen Rhythmus angepasst. Dabci ver-sclnvand jcgliclie 
Ketonkorperausscheidung, imd Pat. war dann bci ciiicr normalcn 
ireicn gcinisclitcn Kosl besclnverdcfrei. 



376 


Bei diesem kizten Fall halle die slarke ImuliniibcrdoMcnm 
erne Gegenregulalion ausgelost, welclie im Vercin mil , 1 ™, 
ivohlehydralmangel in der Nahrung cine insiilinresisiciilc IvV 
tonurie verursacht liatte. Bei vcrminderlcr Insiilimiosis iiml 
reichlicher Kohlenhydratzufiihr verschwand diese Kclouurie 
zeitweise, am wiederzukomnien, wenn der wirklidie Insulin- 
bedarf luiterschritten wiirde. Wurde dann das Insulin doiii 
endogenen Rhylhmus riclitig angepasst, so horlc die Kclontiric 


cndgiiltig auf. 

Die endogenen /?-OxybiiItersaurewellen Ireten ])ci vcrscliic- 
denen Fallen an Hungertagen nicht mil derselbcn Dcullichkeit 
hervor. 

BisAveilen inacht sich im Hunger nur eine slarke /I-Oxy- 
buttersaureausscheidungswelle bemerkbar (Abb. 96 ii. 97}, in 
anderen Fallen xvieder finden wir zivei deulliclic solchc im 
Laufe der 24Stimdenperiode, eine am Morgen und eine am 
Naclimittag, mil einem Minimum etwa um 13—15 Uhr (Aliii. 
98 Fall 42). 



( i;u-r 
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Fall W. Maja F., gcb. 1826. 

Kciiic crblichc Vcranlagung fur Diubclcs nnchwcisbnr. brnlier 
■sCcts gcsuiicl gcwcseti. lin Scplcml)cr 19.2!) ziinplinioiulo.s Dur.sIgcfiiJi) 
uiul bcginnciidc Aluungcrung. Pipringfugigc Mfidigkcit. Aufaug Ok- 
(obcr d. J. wurdc der Dinbclc.s feslge.slelll und die Kranke deswcgcn 
2 .Ifonate lang in cincin Kraiikcubaus l)pbaudcll (sirciiga bctl- 
Gcmusekosl mil 70 g Drol obuc Jnsiilin). Iin Februar 19(0 \or- 
schliniiiicnmg, wiedcntm 1 Alonal slalioiiarc llcbandhing; mm wjirrh? 
cine InsuliiUhcrapic bci nach wic vor slrniger Dial cingclcilel. 15ri 
der Bcobachlung iin .laiutar 1911 cihielt man das ncl)enslebem!e 
Ausscheidungsdiagrainin 90. Der Insulinbcdarf war 32 •!* 32 I. F. l>ri 
freicr gcmischtcr Kosl. 

Fall 'll. Flsic N., gei). 1892. 

Keiiic cr!)Iiehe Veraiilagimg fur Diabeles. liii .Uili 193;) I’.ii.ilyphiis 
mil droiwoehigeu I'ieber. fin August d. J. wtirde .Irbylic kotistaticrt. 
Im April 1931 Ikterus. liu Sepleinber d. .1. r.iiitcdituetidcs Dursigeffili! 
und Abiuagcning. Daiiials wurdc der Oiabelcs festgcsleUl uiid die 
Insuliubcbaudlung ciugcleilrl, wclrhc daun mil wccliscliidon Mcngcti 
forlbc.sclzt wurdc. 11. 1. 19.3,*) Gewichl .*>9,1 kg, kaiigc llkS cm. Blul- 
d;uck 1.79/SO. Der Dialiclcslypus wird aus .Aid). 97 crsicbllicli. 



Serbs' kclonkorperbildeudcu Diabetes ,„il 
enier /?-0.^)buttcr.saurc^vc))e .an, llungcrl.ig. .aber mil ciner naebllichcu 

sclieidungswcHv, 


mil- 

Aus- 
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'a// 42. Buth 0., geb. jgjg 
eine Erbanlagg fur n.- , 

Jni Oktobcr 

Tagesdosis musstc wegen Insulmh^' eingdcifei wurdr die 
gestetzt werden. Bei der «^ch und nad j;;;!;. 

Gewichl 60 , 0 kg. Simoyvck IBW DerVTf ' « 
08 honor. Diabclcslypus geld aiK Al,.-.. 



h. 9S. Ausscheidiiiigsdiagramni bei Diabclcs mil zwei slark )ient:rlrftfn- 
den ^-Oxybuttersaureaussclieidungswcllcn avilhrcnd cincs Ifungfr!.>c>5 


^Vird die Insulindosis gegeben, wenn die /l-Oxybullcrsaiire- 
lie zu steigen beginnf, dann gclil die Kclonkdrpcrnu^acli'.l- 
ig sehr rasch zuriick, und verscinvindcl fvgl. S. 20f)j. 
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<'en blcibt die Zuckcrdiurcsc ofl lilngerc odcr kurzcrc Zcit uu 
veriindert oder kann sogar cine vorvibergehende slarkc Slcigc 



Ztit 

Ahb. 09. Aussclicidungsdiagramm bci liclonborpcrbildcndcin Diabetes. Man be- 
achtc (lie slarb gesleigerlc Ziicbercliiirese nach liinleitimg der Insnlinbeliand- 
liing zugleicb mil dem Vcrseinviiiden der Kcloniirie (vgl. Abl). 07, S. 290, 
welchc Gesamlstiekstoff- und Phospboraxisscbcidung bei dctuselbcn patienten 
an den glcichcn Tagen zcigl). 

Foil 43. Slure A., gcb. 1912. 

Koine Erbanlagc fur Diabclcjs fcslslellbar. 

Im .Taiuiar 1933 plolzlichcs Durslgcfiihl; Irauk 12—15 I pro Tag 
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und nalim in 1 Monat 10 kg ab. Ro . 

und Eiweiss Iconstatiert Krankenhausbehmri) 
ohne Insulin. Zuneh-n.ende 

und herabgesetzter Arbeitsfahigkdt. Pat konnfl f 
scinen Beruf infolge yon MMigkeil » h, ”*b „ S'T '? 
™rgcno™me„Beol,.-,cht„„g bes.and ei„ sUrkt,.ly27enbZ£Jt 
les, mit schlechter Ammoniakproduktion und nbsnlufpr n r‘ 
ndikalic, (Abb. 09 67 S. 3 «/a,s 

< ni es lempojar zu einer sfarken Sfeigerung der Zuckerdiuresc. 
Dies Icann womoglicb nut einer vermelirten Zuckerbiidung aus Fell 
dinch die Wirkung des Insulins zusammenhangen. 


1st die Insulinnienge im weileren Verlauf geniigend, so gchl 
iiiit steigendem Kdrpergewichl auch die Zuckerausschciclimg 
alhnahlicli zuriick: oder verschwindet, wobei der Insuliiibedarf 
geringer wird. Mdglicherweise ist das der Ausdruck einer se- 
kundaren Insulinwirkung, mit fortschreitender Verbessenm,!; 
der Gtykogenbildungsfahigkeit des Organismus, naclidcm cine 
Stoning im Zwisclienstoffwechsel durcb die Wirkung dcs In- 
sulins kompensiert Avorden war. 


Fall. hk. Evert F., geb. 1901. 

Keine Erbanlage fiir Diabetes. 

Im Herbst 1932 zunehmendes Schwachegefiibl, Durst und ;U)ma- 
gerung. Der Diabetes wurde im Februar 1933 Iconstatiert. Drchvochigc 
Krankenhausbehandlung mit strenger Dial (40 g Brot -f Felt-Gcnnisc 
kosl). Insulin wurde kurze Zeit zu Bcginn des Krankenhausaiilcnl a s 
gegeben, bei der Entlassung aber unter Beibelialtung derslrcngcn la 
ausgcsetzt. Im Oktober 19.35 Verschlecbtcning des ^ 

und stiirkeres Durstgeluhl, aids neue Insulinbehandlung, ' ' 

It; 9 Uhr. Der Durst verscIiAvand, und Pat. fuhlte - pfe 

1936 ziemlich wobl. Da Avieder gesteigerter Durst. 

und GcAviebssturz (8 kg. in 6 Mon.). pljsfrcqucnz lOd. 

Lange 177 c.n, Gewchl 73,8 kg. BluWruck 170/104 W M 

Bei der ersten Untersuchung Ei^eiss im ^i„igcr Zcil 

Zylinder soAvie rote und Aveissc Bluldnick 

wurde der Harnbefund normal, und S’^J^XAufschcidiingsdiag* ‘Unm 
auf 125/60. Der Diabctcst.ypus Avird aus dem Aussclic c 

(Abb. 100) ersichtlich. 

'Feint bei einem Diabetes 

dann kaun man sich bei der 1''™''"^“ f & Sad- 

Grade an die Zuckerdiurese hallen. Hicr ist ,cdoc 




a™;: 

niangelhaxie Insu«mtirtan"''i'm cine 

o.-itspricI.l das periodiscSeilen “S'®dc Beg,, 

cler r 13 thmischen Lebertatig.keit. Da geben auch die ZucJcer 

beJiandlun^. Das Insulin 1st in diesem Falle etwa vier Stun- 
en vor der maximalen Zuckerausscheidung zu geben. Faiit 
die Insiilinwirkung auf einen anderen Zeitpunkt, so wird der 
Effekt geringer (vgl. Abb. 32 S. 87 ). 

Die Erholmng des Blutzuckergehalts hat bei diesen Fallen 
wabrscheinlich den Charakler einer Kompensationshj'perglyk- 
liinie, welche die Ketonkorperbildung im Schach hiili. Die 
H3xpergl3xkamie wird in diesem Falle zu einem Ausdruck einer 
lalenten Ketonkorperbildung und in gewissem Sinne zu einem 
Aquivalent der Ketonurie. Dabei wird sowohl die Hyperglykii- 
mie als auch die Zuckerdiurese von Insulin giinslig bcein- 
flusst. 

Bei den folgenden zwei Fallen finden wir eine ahnliclie Zuk- 
kerausscheidung im Hunger, aber bei dem einen beslclit eine 
Kelonkorperausscheidung, bei dem anderen dagegen cine Kom- 
pensationsbyperglydtamie oline Ketonurie: 

Fall fi5. Fingal J., geb. 1906. 

Eine Schwester des Voters Icidet an Diabetes. 

Pat. bekam im Sommer 1926 starkes Durstgefiihl und naimi 
in 2 Monateai 10 kg ab. Im August d. J. wurdc der 
statiert, Pat. kam da im Praekoma ins Krankenhaus. 

Wochen mit ziemlich uneingeschrankter Kost und 
lassen. Fuhite sich 3 Jahre lang wohl. Dann Dosis 

wurde stationar behandelt und mit 24 + 24 I. E. , p jes 

wurdc in der folgenden Zeil WWialtcn to mJicm 
Dlnbclos im Januar 1937 ergab sicb das in Abb. IM a lucdcrg „ 

Ausscheidungsdiagramm. 

Fall 46. Georg S., geb. 1901. 

Ein Bruder des Voters starb an Diabetes. Dnrslgctubl 

Pat. erkrankte im Fruhjahr 1923 unter . v 
„nd nahm in 1 Monat 20 kg ab. Es wurdc darnals 
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Abb. JOl. Aussclieidungsdiagramme mit und ohnc Kompensiitionshyper- 
glykamie im Hunger, a stariie Kelonurie, b ohnc Kctonurie, init Hyperglykamie. 


Bliilzuckerwerte nach Hagedorn am Himgcrtag 14 . 1 . 


s 

Uhr 

198 mg % 

b 

295 mg % 

12 
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161 

» 

223 » 

11 

» 

152 

» 

238 » 

16 
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» 

211 » 

IS 

» ...... 

174 


230 » 

20 

» ...... 

117 


195 » 





I>is nczemlier Isfc z!cmlidi‘\vola Da ^ 

cute.™, die Dote eveehsellc UnoMte /o + E ™ 
Wlemc"f ""l®-'','" ■'■■"1“'"' 

{jCslclHc Aussclicidiiiigsdiagraniiii, 


Bci dieseii bciden Fallen ^var die Zuckerausscheidiing aiif- 
inllcnd gleich. Bci dcin erslen wies der Patient am Hungerlage 
inir leichle Hy])crglykrtniic, aber eine starke /?-Oxybu(tcrsaure- 
nijssclieidung aiif, Bei dein zweiten bingegen fehite die Kefon- 
kbrperausscbeidting, obgleicli der Kranke friiher cine deiillidie 
Azidose mil Ivonia gebabl balle. Hier lag stall dessen eine 
Konipensalionsbypergly'kamie vor, mit hoheren Blufziicker- 
'.vcrlen am Hungerlage, weicbe zwiseben 200 and 300 nigfe 
sclnvankfen. Der Allgemeinzustand war bei beiden Palienten 
w/ilirend des irungerlages sebr versebieden. Ber erste Kranke 
mit Kelonurie imd scblechter Ammoniakausscheidung klaglc 


tiber ^fiidigkeif, Kopfschmerzen, Appetitlosigkeit iind zeitweisc 
im Laiife des Tages iiber Obelkeit mit Brechreiz, Der leUlerc 
Patient mit Kompensalionshyperglykamie vertrug die Nah- 
rungsenlziehung sebr gut und hatle wabrend des Tages niir 
normalen Hunger und Durst. Beide Fiille warden von Insiilm- 

bchandliing giinstig beeinflusst. 

Wenn Hyperglykamie und Zuckerdiurese nicht von Insulin- 
mangel, sondern durch eine Oberreizung des blutzuckerstei- 
gornden sympatluco-adrenalen Systems verursacht smd, dann 
ist die Insulinbehandlung wirkungslos (vgl. Fall 27 S. dda). 
Beim Diabetes vom Typus B obne Ketonurie sind dabe 

grundsatzlich zwei verschiedene Arten zu 

1 Der Regulationsmechanismus des Blutzuckers c ^ 

oinem Teil der Fiille hinsichtlicb seiner 
gestort sein. Infolgedessen kann erne 
glykiimie eine vorbandene Sloffwechselstorun„ 

Enislehung einer Ke.onurie -’-f 

dieser Art ist eigenllicb ein latenler A gj^jt^uckerregu- 

bei ungeniigender Diabetes uniscbla- 

lation leiebt in einen ketonkorperbilden 



gen, wodurch cine crlicblich cnergisclicrc Insulinbclmndlung 
crforderlich werden kann (vgl. oben Fall -1(5). 

2. Bei anderen Fallen von B-Diabelcs isl dagegen cine tJbei- 
reizung des blutzuckcrslcigcrndcn Begiilalionssysleins die Fr- 
sache des holien Blulzuckerspicgcls. Ilier baben vir die pri- 
miire Slorung nicht in eincin vcrandcrlcn cbeniiscbcn Uinsel- 
zungsprozess sondern in einer Glcicbgewicblsverscliiebnng 
der neurohormonalcn Blulzuckerregulation zn sneben. Diesc 
Diabelesformen sind daber lelzlcn Endcs anf cine vcgc- 
'latiY-nervdsc Sldrnng funklioncllcr odcr organiseber Ail zu- 
riickzufiibrcn. Sic sind in grossem Uinfang insulinrcsislcnl, da 
die Slorung des Koblchydralsloffwccbscls bei diesen Fallen 
nielli auf eincm Insulinmangcl beruhl. In vielen Fallen isl bier 
cine kausale Thcrapie schr sebwer, nnd die cinzige Beband- 
lung, wclcbc mdgUcb isl, bcslcUl darin, dass man die Glyko- 
genbildung des Organismus erleicblcrl nnd den Bcgiilafions- 
meclianismus durcli passende Nahrungsbesebninkung vor 
Fberlnirdung zu scbiilzen sucbl (vgl. 111. Abscbnill). Wind bei 
diesen Fallen Insulin gegeben, so kann cine gcsleigcrle Gegcn- 
rcgulalion in einciu von vornhcrcin sebon uberrcizlen vcgela- 
liven Nervensyslcin die Folgc scin, und cs kann zu Komplika- 
lioncn verscliicdcner Arl kommen. Ein Beispiel fiir einen B- 
Diabeles dieser Arl isl Fall 27 S. 335. 

Bei einem Diabeles kann es sicli wic bei eincin ebroniseben 
Ficber um einen in gewissen Grenzen slabilcn, in anderen 
Fallen aber auch uin einen hdcbsl veranderlicben Zusland 
liandeln, mil grosser Labililiil und belriicbllicbcn Sclnvan- 
kiingcn des Insulinbedarfs. Dies gill nanienllicb fiir gewisse 
Forincn von Regulalionsdiabclcs. Dabei kbnncn dnreb gelegenl- 
liche Slorungen iin regulalorischcn Syslein pldlzlicbe Ver- 
schlinimeriingen cinlrclen. Es kann da rascli ein erbeblicber 
Insiilinmangel mil einer Kelonkorperbildung ziislandc kom- 
inen, ivelcber cine wirksamcre Insulinbebandlung mil grdsse- 
ren Dosen erforderlicb macbl. 

Die ausldsenden Faklorcn fiir die Regiilalionssloriing sind 
mamngfacli. Ein Trauma, ein psycliiscber Scbock, cine Ge- 
liirnieizung, ein opilepliseber Anfall, eiue t-'beraiislrengung, 
Schlafmangel, ein Sclnnerzzusland, cine Infeklion u. a. in., alle 



chese Momente konnen eine blilzarti«e Versclilimmpr,, 
bestehcnden durch eine 

auf die regulalorischen Zentrcn bewirken. Bei derarligen Pro° 
/essen cnhvickell sich die KctonkorperbMung „icW sellen 
jiussersl rasch und kann aum Koma fiihren, wem nicbl eW 
insulinbehandlung unverauglich eingeleilel Oder bei im Gaiisc 
befindhchcr soldier die Dosis erheblich gcsteigert wird, evil, 
mil lemporarer Verabfolgung zusatzliclier Insulingaben. ’ 

Wenn der Organisraus nach einer gelegentlichen Stoning 
wieder in das Sloffwecbselgleichgewiclit gelangt ist, kann die 
Insulinnienge lierabgeselzt warden. Die Dosis soil da vermin- 
dert und nicht in unnotiger Hohe beibebalten werden. 

Dos fiihrende Prinzip bei jeglicher Diabetesbehandlung muss 
dariii liegen, dass einem vorhandenen Biokatahjsatormangel 
nbgeholfen und einc VcrscMcbung des Pegulationsgleiclige- 
wichts nach Moglichlceit ausgeglichen wird. Bei Insulinmangel 
is! dieser in erster Linie zu kompensieren. Handelt es sich uni 
einen bedrohlicbcn Diabetes mit stai’ker Ketonkorperbildung 
und ungcniigcnder Ammoniakproduktion, dann ist die Insulin- 
beliandlung vital indizicrt. Bei Diabelesformen vom Typus A 
kann die Indikation der Insulinbehandlung eine relative oder 
absolute sein und von Ketonkorperaussclieidung, Amnioniak- 
bildung und Verhalten des Korpergeivichts abhangen. Das 

gleiclie gilt fiir kompensationshyperglykamiscbe Diabetesfor- 
men vom Typus B. Bei jeder ketonkorperbildenden Diabetes- 
form ist in der Regel Insulin in hoherem oder geringerem Grade 
indiziert. Bei anderen Fallen von B-Diabetes, wo es sich nicht 

um Insulinmangel handelt, konnen es insulinresistente Formen 
sein, bei welchen die Insulinbehandlung sogar kontraindiziert 

sein kann (vgl. Fall 27 S. 335). 

Die Insulinbehandlung muss nach den oben angegebenen 
Grundsdtzen der endogenen Stoffwechselperiodizitat angepa. 
werden. iDabei muss das Insulin in richtiger Menge un red - 
zeitig gegeben werden. Fiir den Zeitpunkt ist nicht le * 
rungsaufnahme ausschlaggebend, sondern die ^ 

endogene Regulationsperiode (vgl. S. 87). Nur ei ea 
dieser Gesichtspunkte ist es moglich, die liannoniscie 
ferenz zwischen Insulinbehandlung und rcgulieren 
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ten des Sloffwechsels zuslande zu bringon, welche sicli fiir den 
Palienleii in einein gesleigerlen Wohlbefindcn nnd der Abwe- 
senheil jeglicher Insulinbescbwerdcn ausscrl. 

Audi obne die liIibYirbung des Insulins bdnnen bci Sld- 
rungen im basalen Regulalionssj’sleni des Blulzuckcrs im 
Hunger hypoglykiunisdie ZusUinde einlveVcn. Sclbslvcrsland- 
lich werden diese gesleigert, Nvenn da nodi Insulin zugcfiihvl 
wird. Aus diesem Grundc isl cs widilig, dass ein Insulinpalient 
mil einer derarligen Slorung nichl Hunger leidel, und dass 
nidit zu lange Zeit zwisdien Insulindosis und Mahlzcil ver- 
gelit. Sonst droht die Gefahr der InsuIinbcscUwcrden und by- 
poglykumischen Rcaklionen. Namcnllich bei dicsen Fiillen isl 
OS notwendig, dass die Insulinbcliandlung dcni cndogcnen 
Rbytbmus nadi Iddglidikeil angcpassl wird, uin cine unnblige 
Gegenregulalion und abnonne Rcizznsliinde ini ncurobornio- 
nalen Regulalionsapparal zu verbindcrn. 

Ewe Insiilinthcrapic, wcichc aiif die cndogcnen pcriodischcn 
Schwankungen im Zivischcnsioffwcchscl kcinc Bncksic})l 
nimmt, bant anf pinjsiologhch imrichligem Grundc. Wiilircnd 
der Phase der rliyllimiscben Leberljiligkcil, in der der KbrjiDr 
die Hilfc des Insulins brauebt, soil lelz.lcrcs mil abgepassicr 
Starke wirken. Andcrerseils isl dcr Organismus vor der unno- 
ligen Insulinwirkung zu scbulzen, wenn diese nicbl erforder- 
lich isl. Dies isl auch bci Anwendung von Insulin mil ver/.ii- 
gerler Wirkung zu beachlen. 


Depolinsulin 

Die direkl blulzuckersenkcnde Wirkung des Insulins biill ca. 
4 Stundeu an (vgl. Abb. 30 S. 86). In der Absicbl, die.se Wir- 
kungszeil zu verlangern, lial man aiif inelir Oder Aveniger un- 
klarer Iheoreliscber Grundlage Versuche angoslelll, zu einein 
Depolinsulin mil prolrabierler blulzuckersenkender Wirkung 
zu gelangen. Dabei wurde das Insulin mil verscbiedenarligen 
kolloidalen Subslanzen mil vermullich resorpUonsverzo<^ern- 
der Wirkung gemischl, z. B. Gummiarabikum, Gallcnsauren, 

2fi 
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Ohvenol, Lezithin, Gholesterinemulsion usw., evtl. mit Bildune 
Komplexer Additionsverbindungen. ° 

In neuerer Zeit hat ein Niederschlag des Insulins mit einem 
stark basischen Eiweisskorpcr nacb Hagedorn in Form von 
Protamininsulin, welches bei pH 7,3 fast wasserunloslich isf, 
hei der Insulinbehandlung ausgedehnte Verwendung gefun- 
den. Die Voraussetzung der Insulinwirkung ist wahrscheinlich 
eine Aiiflosung etwaiger Peptid- oder anderer Bindungen in der 
unloslichen Eiweissverbindung. Die Bedeutung der dabei frei 
werdenden Eiweisskomponente ist nicht bekannt. Moglichcr- 
weise kann dieselbe irgendwelche Immunisierungsprozesse 
im Organismiis ausldsen, eine Proteintherapie nach Simjet, 
M'as zu ciner therapeutischen Wirkung beitragen kann. 

Abgesehen' von der direkt blutzuckersenkenden Wirkung cr- 
streeken sich die indirekten Effekte des Insulins iiber liingerc 
Zeit, wenn dasselbe am rechten Zeitpunkt mit Bezug auf den 
endogenen Stoffwechselrhylhmus gegeben wird (vgl. Abb, 32 
S. 87). Man kann sich daher die Frage vorlegen, ob die soj, 
prolrahierte Wirkung des Depolinsulins nicht vielleicbt mr 
eine scheinbare ist imd darauf beruht, dass die Wirkung des 
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Insulins in cine gccignclcrc Phase der periodischen I^herliilig- 
kcil fiilll. In vielcn Fallen Irill niimlich hei glcichbleihendor 
Kosl kein deulliohcr Unlcrschied in den Aussc.licidungsdia- 
granitnon ziilage, wonn das Prolaniininsulin gegen gewuhn- 
liches Insulin ausgcwcchsell wird (Abb. 102). 

Einen andcren Weg bal doitscn l)esrbrilU'n, uin cine ver- 
yogevlc bcsorplion des Insulins v.n cv/.ie.len, l);uU»rcb, duss <las 
Insulin mil Adrenalin gcmischl wird, soli bei Injeklion dessel- 
ben cine peripberc Gefiisskonlraklion mil ]’.,r.stdnveiijng der 
Ilcsorption slallfinden, in .Analogic mil dor \\ irkung des 
Adrenalins bei der Lokalanri.slbc.sio. ICs isl zwcifclbafl, oli dor 
orllicli gefassvcrcngeniden Wirkung <les Adrenalins bei doin 
I’esirebcn, den Insulincffekl zn vorlangern. cine nennenswerlo 
Bedeulung zukomiul, da sicb die Wirkung des Insulins ja 
nichl wie die der Lokaliielaubungsmillol auf die ongsto I’nigo- 
bung der Injcklionsslellc boscbrankl, sondern generoll in don 
Sloffwccbsel, nabrscbcinlicb priniar in don Liimidumsalz, oin- 
greift. Ausserdem isl das .\dronalin im glykorogulalorisobon 
System cin Insulinanlagonisl, dor uberdios die I'mselzung des 
Glykogens bccinflussl (s. S. 45 u. 88). 

Rci Diabclcsformcn vom Uegulalionslyjms mil (ibororrogbar- 
keit des synipalliico-adrcnalcn Systems erso.beinl die Kombina- 
lion Adrenalin-Insulin besonders bedeidvlicb. Das .Vdronalin 
kann Iiier Hcrzbcscinvcrdcn nnd Ululdruckstoigerungon aus- 
losen, weicbc zur Vorsicbl bei allgcmeiner .Anwendung des 
Adrenalin-Insulins mabnen, insbcsonderc bei cincr don diabo- 
lischen Zusland bcglcilcnden Ilypcrlbyroosc infolge gosleigor- 
ter tbyrcolroper Ilypopbysciuvirkung. 

Bei Diabelcsformen dagegen mil berabgescizler Nobennioron- 
fiinklion und .Ausfall von kontrainsularcn Bcizimpidsen mil 
dadurch vcrursacblcr Ncigung zu .sponlancr llypoglykamie 
kann svabrscbcinlicb die Kombinalion .Adronalin-lnsuHn dem 
icincn Insulin vorzuzicben sein. Die giinsligero Wirkung lie- 
ruht dabei nicbl auf cincr verzogerlen Resorption des Insu- 
lins, sondern auf dem Eingrcifen des Adrenalins in don Sloff- 
wcchselprozcss. 

Die Steigerung der Glykogenbildung in der Leber dnreb 
das Adrenalin (vgl. S. 43) isl daboi cin fiir den Koblebydral- 
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stoffweclisel gunstiger Faklor, und infolgedessen kann der 
Iherapeutische Effekt des Adrenalin-Insulins u. U. den des 
reinen Insulins iibertreffen. Hierin liegt eine Erklarung fur 
die gulen Erfolge, welclie bei vielen Fallen, namentlicli beim 
scbweren Diabetes und dem der Kinder, beobacbtet worden 
Sind (Clausen xmd Lottrup, Andersen, Nordwall u. a.). 


Znikiiisiiliii 


Eine vci-7.6gerio und vcrslarkle Imiilimvirlmng Ifet s» 

Sloffwecbselprozessen itoen ^ Organisnuis cmc 

spielen, und dass es daber ei ‘ o vcrsuclil, 

cJurcbaus angebracbte 
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mil ciiicr sonst lege aiiis clurcligefuhrlen Insulinbchaiullung 
\orsicIilig zii kompciisicrcn. 

Zinkionen scheinen als kalal 3 iiscli wirkende Faktoren hoi 
cnzymalisclicn Prozessen aiif verschiedene Weise in den Kohlc- 
liydralstoffwecliscl hemmend odor fdrderlich cingreifen zu 
kdnncn (vgl. S. 123, 127 ii. 254). Im Obersclinss konnen sic 
loxisch wirlvcn nnd dauernde Sldrnngcn ini Kohleln'dralausliaU 
des Organismus hervorrufen. Dcr licsie Beweis liicrfiir isl, dass 
sich ein akulcr Diabetes in direklcin Anschluss an cine Zink- 
vergifUing cnbvickcln kann (vgl. Fall 5 S. 206). Diescr Sach- 
Ycrliall malinl auch zur Vorsichl bei dor Vcrwciulung des 
Zinks als Ergiinzung dcr Insulinbebandlung. 

Auf dcr anderen Scilc sjiicll das Zink offenbar cine biolo- 
giseb wichtige Rolle. Scolt und Fixher (1931) fanden, dass die 
Gcgcnwarl klcincr Mengen von Zinksalzcii erforderlieb war, 
um krislalliniscbes Insulin zu crballcu, und dass die .Anwesen- 
heit des Zinks die Wirkung des Insulins vcrliingerle. Dicse 
AiUorcn slclUcn in dem krislalliniscben Insulin 0,r)2 % Zink 
fesl, wclcbcs im Insulinmolckiil so fcsl gebunden war, dass 
es sicb durcb wicdcrboltc Umkrislallisicrungcn nicbl cnlfcrncn 
licss. Audi durcb Kalapboresc Hess sicb nacb Cohn das Zink 
nicbl von dem Insulin Ircnncn. In gcwobnlicbcn, nicbl krislal- 
liniscbcn Insulinpriiparalen baben Sahijan und rddknmp so- 
wic Rabinowilsch Zink in zwiseben 0,01 und 0,R % dcr 'rrok- 
kensubslanz des Insulins wccbsclnder Mciigc nacbgcwiescn. Zu 
gcwolinlicbcm Insulin muss daber clwas Zink zugcsclzl wer- 
den, um diejenige Zinkmenge zu errcicbcn, welclic bei dcr Kri- 
slallisation im Insulinmolckiil gebunden wird. 

Nacb Bertrand bclriigl dcr Zinkgcball des mciiscblicbcn Kiir- 
pers clwa die lisilflc des Eiscngcballs und cnlspricbl ungenibr 
“ ing^c; dcr Zinkgobalt isl also bei cincm Erwacbsenen von 70 
kg ca. 1,4 g Zink. Einc gewisse Zinkmenge isl sebon bcim 
Neugeborenen vorbanden. Dies dculcl darauf liin, dass das 
Zink cine funklionelle Aufgabc im Organismus zu erfiillcn ba- 
be. Nacb Bnrstein enlbiill das mcnscblicbc Blul in dcr Norm 
ebva 0,52 mg% Zink. In versebiedenen Organen wccbsell dcr 
Zinkgebalt in bobcm Grade; cr isl in tiiligcn sekreloriscben 
Nriisen besonders bocb, in rubenden Organen, Muskulalur, 
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KnocLon m.d fellgcwcbc gcringer. gibt an <las, !,.■ 

Menschen iin Millel die Hypoplivse 119 rr,J I 


Nach Simalcov soil der Xinkgehalt der Driiscn noraaierweise 
mchl imt sleigendem LcbcnsaUer abnehmen. Bertrand und 
nenzon zeiglen bci Versucben an Rallen, dass die Lebensdaiicr 
dor Tjcre ausnahiuslos geringer wav, wenn dieselben zink- 
fi-eies Fuller eidiielten, als wenn ihre Nahrung eine kleinc 
Menge Zink entbielt. Bei Untersuchungen iiber den Zusammcii- 
hang zwischen Vitamin- und Zinkgebalt fanden Bertrand und 
Bhattacherjee, dass Mause, deren Nahrung Vitamin A, Bj, B, 
und D reichlich, aber kein Zink enlhielt, eine mittlere Lebens- 
daucr von 16,9 Tagcn halten; wurden zu derselbcn Nalming 
kleinc Mengen Zinksalze binzugefugt, so stieg die mittlere Le- 
bonsdauer auf .64,4 Tage. Zwischen Zink und Vitamimvirkiing 
scheint dcmnach ein gewisser Sjmcrgismus zu bestehen. 

Scott und Fisher konstalierten eine Herabsetzung des Zink- 
und Insulingehalt in von Diabelikern stamnienden Bauchspei- 
cheldriisen. 

Horvai hat festgcstellt, dass der Zinkgebalt des Pankreas bci 
nonnalen Hunden zwischen 13,4 und 24,9 nig^- der Trockcn- 
subslanz wechselt, mil einem Mittelwert von 19,5 nigfo. Bei 
hypoph 3 "senlosen Hunden schwankte der entsprecbende iiicrt 
zwischen 14,6 und 35,6 mg^ und betrug iin Mittel 22,4 mg/c- 
Bci an Kachexie eingegangenen Hunden war der Zinkgebalt 
auf im Millel 12,5 gesunken. Im Pankreas der hypo- 

phj'senlosen Tiere lag gleichzeilig niit der Vermehrung Bcs 
Zinkgehalts eine hislologisch nachweisbare Zunabme der An- 
zahl von Langerhansschen Inseln vor. 

Uber die biochemische Wirkung des Zinks vgl. S. 123 u. 1- • 

Bei gewissen Diabetesfallen hat Zinkinsulin eine besscre 
Wirkung als gewohnliches Insulin (Abb. 104). 

Verniutlich herrscht bei einem Teil der Djabetesfa e cii 
Mangel an verfugbaren Zinkionen im Organismus, bei an 
rtn Fallen nicht. Im ersteren Falle wirkt das ^mkinsu 
besser, im letzteren besteht kein Unterschied zwischen 
Wirkung des Zinkinsulins und des gewohnlichen Insulins. 
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vlWi. iOh. Ausschcidungsdiagrammc bci kclonkorpcrbildcndcin Diabetes, ^vo 
Ziiikinsulin besser wirkl als gcwOhnlichcs Inswlin. Zu bcacblen isl, dass bei 
dicsen Ffdlcn die KetonkOrpcrausscbcidung nach Ziiikinsulin vcnninderl isl. 



>b. iOa. Ausscheidungsdiagramm bci kclonkorpcrbildcndcm Diabetes. In 
zug aut die Kclonkorpcrausscbcidung wirkt bei dicsem Fall gewolmlichcs 
Insulin besser als Zinkinsulin. 








Bci andcren Diabclcsfallen wirkl dagegen das gcwolmlicli 
Insulin besser als Zinkinsulin (Abb. 105 u. 106). 
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vcrlrugen als Zinkinsiiliii, 4 wurdcii von Zinkinsulin chvas 
giinsliger beeinflusst iind 5 bemerklen keineu Untcrschicd zwb 
sclien der Wirkung der beiden Insnlinarlen. Selbslverslandlicb 
lassen sicli lediglich aiis deni Vcrlaiif der dnrch Bcstimmung 
der Rediiktionswerte erhaltenen Bliilzuckerkiirve keinc 
Scliliisse iiber das Eingreifen des Zinkinsulins in den Stoff- 
wccliselprozess ziehen, da das Zink ivahrscheinlicli aucli ganz 
andere, noch iinbekannte Aufgaben iin Kiirper zu erfiillen Iial. 
Bei einigen Fallen verursachle das Zinkinsulin nervose Nebcn- 
crsclieinungen, Unruhe, Hauljnckcn, Herzklopfcn nnd mancli- 
mal eine Beeinfracliligung des Allgenieinbcfindens, Bescliwcr- 
den, ivelclie beim Obergang vom Zinkinsulin zn gewohnlichci;. 
Insulin, lege arlis dosierl, nachliessen Oder vcrsclnvanden. 
Lcidcr ist es znr Zell nichl moglicb, objekliv fcslznslellen, ob 
Zinkmangel im Organismus vorlicgt. 


Psycliischc Faktoreii unci Diabclesljcluindlung 

Eine Vorausselzung fiir den gulen Erfolg der Diabelesllicra- 
pie ist, dass slch die Palienlen ini psycbischen Glcicligewiclil 
befinden luid sich Hirer Krankhcil wegen keinc uniiotigen Sor- 
gen niachen. Bei jedem Diabetes sind nervose Slorungsnionien- 
le durcli die Wirkung der neuroliornionalen Blulzuckerregula- 
lion in holierem oder geringerem Grade beleiligt. Namenllicli 
beim Regulationsdiabetes kann hierdurcli der Kohlcliydral- 
sloffwechsel aucli von iibcrgcordnelen Gehirnzenlren aus durcli 
Impulse psycliischer Art beeinflusst werden (vgl. VI. Ab- 
schnill). Auf der aiideren Scilc muss eiii Diabetiker untcr der 
erforderlichen arzllichcii Aufsiclit slclien, damit jederzeil ein 
lasches Eingreifen moglicli ist, wenn irgendeine unvorlierge- 
schene Verschlimnicrung Plalz greifen sollle. Ein Regulallons- 
diabeles kann iiiisserst labll sein. Ein plotzliclier Schreck, ein 
4iaunia, eine hinzukomiiiende Infektion odor irgendivelchc 
anderen unberechenbareii Fakloren konnen bei diesen Fiillen 
eine hocligradige Versclilecliterung der Stoffwechsellage aus- 
losen. Dabei kann der insulinbedarf vcsenllicli slcigen, was 
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s™ «i8t. Bcsonders b.i dfc 

ciche Tlierapie, dass die Insulinbehandlung lege artis dem 
m'genbhcMicIien Insulinbcdarf glcilcnd angcpastt wird so 
dass die Kranken der slandigen Angst vor iiblen Zufallen ’en[- 
bobeii Sind. Em wcrlvolles Hilfsmillel der praklischen Diabe- 
iesbeliandlung sind Iiicrbci regelmassige Uriminlersiicbuiigcn. 


BlutziTckerbeslimmiiiig unci Urinuntcrsuchuiig 

Infolge dcs vieldeutigen Charakters des Blutzuckenverts (vgl. 
S. 286) ist eine gewdlinliclie Blutzuckerprobe fiir die Beurlei- 
Inng des Zustands von untergeordnetcr Bedeutung and niir 
dann Avertvoll, wenn cs sicli darum liandelt, zu entscliciden, ob 
der Bhitzuckergelialt lioch odcr gering ist. Ein klareres Bild 
gibt dagcgen die Urinimtersuchung. Durcli diesc kanii man 
sich eincn bcstimmtcn Begriff von dem Kaloricvcriiisl durcli 
die Zuckerdiurese, von dem Schweregrad der Stoffwechsclslo- 
nmg durcli die /5-Oxybut’tersaureaussclieidung and von der ct- 
ivaigen Komagcfalir durcli die Ammoniak-^-Oxybuftersaiirc- 
bilanz niachen. Fiir eine loufende KontroIIe dcs diabcfischen 
Zastandes ist daher eine systcmatische UrinmteTSiichimg von 
weit ffrosserem Wert als eine einfache Blulzuckcnintcrsiicluwfj. 
Ist der Diabetestypus bekannt, dann geben die am Tage und 
ill der Naclit ausgescliiedcnen Zucker- und Ketosauiemengen 
bei bekannter Ernalirung klarcii Aufscliluss libcr die Slot 
weclisellage und den Insulinbedarf, konnen als Ricliiscbn 
einer ralionelleii Diabetesbeliandlung dienen und ermOf, ic ic 
cine gule Konlrolle der Scliwaiikungeii des diabelischcn 
stands. 


Sclilusswort 

Bei den Sldrungen im Zwisclienstoffweclisel 
scheinen zw’^ei grundlegene Prozesse des biologisc leii _ 
abbaus im Mittelpunkt zu stelieii: Phosphonjlierungssio 
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imd Storungcn in dcr oxydativcn Abbaii phase. Im crsleren 
I'alle kanii cine Kclonkorpcrbiklung vorliegcn, iin Iclzlercn 
cine Anaerobic. Es ist jedocli noch nicbl mdglicb, diese Slu- 
rungen in alien Fallen mil Siclicrheit zii nnlcrscheidcn, cs 
schcinl aber, als ob den durch klinischc Sludicn gcfiindeiicn 
Diabclcsformcn vom A- bzw. B-Typus gewissermassen did Slo- 
ningcn ini Pbospborylierungsprozcss resp. in der oxydativcn 
Abbaiiphase der Kolilchydralcn cnlsprccben. Fine genaucrc 
Ivlarstcllung der Sloffwcchselstornng mil Riicksiclil anf ver- 
iiiiderle Parlialfiinklioncn in dem biologi-scbcn Verlanf isl docli 
cine der Anfgabcn zukiinfligcr Forschung. 

Zur Zeil slehl die Diabelcslbcrapic in viclcn Beziehnngen anf 
sclnvankcndem Boden. Der rcalc Werl von Iberapculiscben 
Prinzipien nnd Arbeitshypolhesen liissl sich nicbl durch thcore- 
tische Belrachlungcn ergriinden. Nur dircklc Erfahrungen an 
ciuem klinischeii Diabclesmalerial, welches friiher nach ande- 
ren Prinzipien bchandcll worden war, wo aber dann die Bc- 
handlung im Einklang mil den Posinlalcn dcr Arbcil.shypo- 
Ihese umgclcgt wurde, vermogen zur Bcaniworlung der P'rage 
zii fiihren, welchc Bchandlungsgrundsiilzc die richtigen sind. 

Soil 1933 babe ich meincr Diabelcsthcrapic diejenigen 
Anschauungen zugrundc gclcgl, wclche aus dcr vorliegenden 
Darslellung ersichllich werden und clwa 1900 Diabclcspalien- 
len eingchender unlersucht. Die Grundprinzij)icn waren dabei 
folgcndc: 

1. Klarslcllung de.s diabclischen Zustands mil Riicksiclil auf 
tlcn endogenen Rhylhmus in der oben angcgcbcncn Weisc (vgl. 
S. 325). 

2. Abhilfe fiir clwaige klangclzusliinde, wo dies moglich isl. 

3. Anpassung der Insiilinbchandlung an den endogenen 
. Stoffwechselrhj’lhmus. 

k Einslcllung auf cine normalc gcmischlc, freic Kosl bzw. 
Lrnahrung mil denjenigen Koslcinschriinkungcn odor Vor- 
schriften, welchc bei dem spezicllcn Diabelcsfall auf Grand 
I fks Charaklers der Krankheil erforderlich sind. 

I Uin zu ciner Auffassung liber den Gesundheilszusland der 
1 Uiabelespalienlcn vor und nacli der Umlcgung dcr Behandlung 
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1930 imd 1940 eine Umfrage unte vorwiegend WroWiclicii 
Diabelesfallen in die Wege geleitet, bei welchen die BeobacJi- 
iungszeit lang.genug gewesen war, urn den'Sacbverhalt zu bc- 
Icuchten. Um einen Vergleich ZAvischen alleren tmd neueren 
Beliaiidlungsprinzipien zu evmoglicbcn, Avurden bei der Aiis- 
wahl dieses klinisclien Materials folgende Bedingungeu be- 
riicksiclitigt: 


1. Der Patient soli mindeslens ein Jabr vor der Unilegung 
der Behandlung seines Diabetes wegen wahrend einer Zeil von 
wcnigstem einem Monat und obne Komplikationen Krankcn- 
liausbehandlung erhalten haben. 

2. Die Umlegung der Behandlung entsprechend den angcgc- 
benen Richtlinien hatte AA^ahrend einer Beobachtungszeit von 
hdchstcns Tagen zu erfolgen. 

3. Nach Umlegung der Behandlung musste mindeslens ein 
Jahr vergangen sein, bevor die Patienten oder Angeborige 
dcrsclben die Frage nach der Veranderung des Gesundbeilszu- 
.stands nach Umlegung der Behandlung beantwovlen durflen. 


Unter den Patienten, deren Diabetesbeliandlung am Zeit- 
pimkt der Umfrage den angegebenen Prinzipien gemass uin- 
gelegt Avorden Avar, befanden sich 185 Falle, Avelclie diese Bc- 

dingungen erfiillten. 

In der folgenden Tabelle, in der die * ' 

Alter beim Aiisbrucli der Krankheil geordnet and, .st das 
suUat dieser Umfrage aiiszugsAveise angegeben. 



SCHLUSSTABELLE 
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Alter Krankcnhaus- jnsuHn- 

beim bclianillung ^ 

Aus- wegen Diabetes l^diandjunfl 

brucb vorUmlegung ^ 

d. d. Bebandlung 

. ,,, Gcsamt- d. Urn- soil 

(Jahre) Male wochen 


Alice G. 
Sigrid W. 

Eva T. 

Gunnel E. 

I Sven P. 

Hugo E. 

Hillevi H. 
John S. 
Inga C. 
Nils A. 


1930 1933 

1927 1930 

1 1927 1931 

1 1932 1936 
1928 1932 1 

1927 1931 

1928 1932 

1920 1924 

1927 1932 

1930 1935 


Lennart, M. 1932 1937 1 
Bod E. WM W30 

Bongl G. «23 WM 

Marta N. 1925 W31 

Marianne H. 1 1931 | 195 


Barhro S. 
Sune M. 
Ake M. 

Vivi B. 
Olov G. 


1927 1933 

1929 1935 

1927’ 1933 

1926 1932 

1925 1932 


Anna A WW 

Margarela L. 1921 1928 

John C. 1930 

Huberl J. 1922 1929 

1 Gretas. | 1920 1933 




1933 lai 1938 0 

1935 Nov. 1937 0 

1931 Jan. 1937 0 

1936 April 1937 A 

1932 Jan. 1938 0 

1932 Aug. 1935 A 

1932 Okt. 1938 0 

1925 Jan. 1933 0 

1932 Jan. 1938 0 

1935 Dez. 1936 0 

193 Okl. 193 9 

193 Sept. 1?38 9 


1934 klarz 
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lnsulinl.d.aiidhmfl Krankcnhaus- | 
ajifenfhalt j 

nacli Uralegung I 

abge- d. BcliaJidlung? 

begon- um- 

schlo^- Ursache? 


nen gelegt 1 


Hcsscrunn d. Ziistand? nacli d- TJnilcgnng ? 
In welclier Bezieliung? 


(ja, Tonsill-1 
i cktoniie | 
ncin 


nciii ja AJlgcmcinziisfand erlicWicIi gcbesserl. 

ja, Angina ja Allgcmcinzusland jclzt viel bcsscr. 

/In jedcr Bcziehting unerhortcr Unter- 
ncin ja jscbicd; n. a. grdsscre 'iViderslandsIahig- 

jkcU, bcsscre Lanne. 

[Zustand wesenllich gcbcssert. Mebr Aus- 
*'*^**' j dancr, bessere Laune. 

ncin ja Siimnning bcsser. 'Wacbst, gcdeiht giit. 

(Grossere Widerstandsfabigkeil. Yermag 
ncin ja I jclzl gclcgentliclie Erkranlcungen, wel- 

j cbc varkanien, gut zii itbcnvindcn. 
ncin ja .-Vllgemeinzusland viel bcsser. 

I ja, Hals-^ ■ (Bessere Enlwicklung, froier u. nalur- 
jlyniplioml ( lidier. Jclzt koine Insiilinbeschwerdcn. 

ncin ja 1st jetzt gesund, muntcr u. stark. 

. . (Besseror .-Mlgcmcinziistand, vcrtragl jetzt 

( alle Speisen. 

(ja, Tonsill-1 • (.Ulgcnieinbclindcn u. Appelit bcsser. Riihi- 
i cktoniie ( | ger u. arligcr. 

ncin ja Viel starker, gedeibt bcsser. 

• - (Bcsscrer .Allgcmcinzusland, korperlicbc 

J' i Enlwicklung besscr. 

ncin ja Starker. 

• (Kaum wiederzuerkennen. Jclzt munler u. 
j gedeibl wie ein normales Kind. 

• IPhj-sisch u. psychiscb gcbcssert. Spilzen- 

l* 1 leislung in dec Schule obne Erniudung. 

ncin ncin Sebon vorber munler gewesen. 
ncin i-\ Insulin auf die richlige Zeit 

I verlcgt wurde nieraals Yersager. 

•„ (In jeder Beziehung besserer Allgemcin- 
J® I zustand. 

ncin in lEnorme Besserung. Umgebung kann ruing 

■'* ( scblafen. Keine Kosten lur Dial. 

upin lUnbeschreiblich. Fruher krank, jetzt gc- 

■' I sund. 

ja, 1 Woche ia besserer -Allgemeinzustand, 

■* i Korperkraft gut. 

ncin ja Viel starker u. lebhafler. 

ncin ja Jetzt stark u. munler. 

ncin ja S^nze Zeit nach d. Krankenhausauf- 

I enthalt gesund gewesen. W'achst besscr. 





403 


Krankcnliaus- 

aufcntlialt 

nach Umlegung 
d. Beliandlung? 
Ursache? 


Bcsscrunfl d. Ziislands nacli d. Umlcguiifl? 
In welcher Beziehung? 


nein 

nein 

ncin 

nein 

( ja, 1 Woclie, I 
{akule Radicn- 
I infcktion | 

nein 

nein 

ja.Blincldarmop 

ncin 

ncin 

nein 

nein 

nein 

nein 

nein 

nein 

nein 

ncin 

ncin 

ncin 

nein 

ja, Olil. med. 
nein 
nein 
nein 


ja 

ja 

ja 

ja 

ja 

ja 

ja 

ja 

ja 

ja 

ja 

ja 

ja 

ja 

ja 

ja 

ja 

ja 

ja 

ja 

ja 

ja 

ja 

ja 


Jclzt gesiind u. miinler. 

)Slarkcr u. gesunder. Enlwickclt sicli ii 
\ wachst ganz andcrs. 

(Jetzt gesund, gedcilit gut. Dick, rolwnn- 
I gig. 1st dcr Sonnenschein der Familie 
|In jcdcr Bczicliung. Starker u. »fricd- 
^ licliera. 

jBcsscrcr Allgcmcinzustand. Kcine Insiilin- 
beschwerden. 

Nicht so ncrvos u. mude. 

In viel besscrcr Vcrfassung. 

Ganzcs Bcfinderi bcsscr. 

Starker, gesunder u. munlercr. 

Ruhiger, besscrcr Gcsnndheilsziislaml. 


Kraftigcr, kcinc Insulinbcscliwcrdcn. 
Starker, 

;Gr6sserc Abwechslung im Essen u. weni 
iV gcr Insulin. 

Viel munterer u. frischer. 

Starker u. krutliger. 

(Nicht so niudc. Gestcigcrlc Arboitsliist u 
( Energie. 

(Allgenieinzustand bcsscr. Jclzt gutgclaunl 
\ u. Icbhatl. 

(In jcdcr Bcziehungl Korperkraft u. All- 
gemeinbefinden bcsscr. 

(Jctzl gesund u. muntcr wie vor d. Er- 
j krankung. 

Frischer. 


Erhcbliche Besserung in jcdcr Beziehung. 
(In jcdcr Weise bcsscr. Gesunder u. inun 
1 ,terer. 

Viel bcsscr u. starker. 

|(Munterer, die Arbeit geht leichter. Fru 
1\ her krank, oil Ficber. 

Starker und arbeilsfahigcr. Lel)cn leichter! 


27 
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Diabe- 

tes 

Alter 

beim 

Aus- 

bruch 

d. ■ 


Bcobncli- 
tungszeit 
fur Umlegung 
d. Beliand- 

Typiis 

kon- 

staliert 

(Jahr) 

d. Behandlung 

vor 


Krank- 

heit 

(Jabre 

Anzabl 

Male 

1 

Gesamt- d. Um- 
dauer in legung 
Wochen 

i 

seit 

lung 

1 



Georg J.- 
{ ■ 
Birger E. 

Maggie B. 

Valter P. 

MayL. 


Ge- 

1 burts- 
jahr 


1923 1935 

1918 1930 

1908 1921 
1922 1936 

1912 1926 


Dick 0. 
Katarina N. 
Arline E. 

Elof J. 

Ebba J. 

\nna B. S. T.j 
Gote K. 

Signe W. 
Gunnar N. 
Lars F. 


1919 1933 

1921 1935 

1917 1931 

1919 1933 

1911 1925 

1925 1933 8 

1915 1929 14 

1913 1928 15 

1921 1936 15 

1916 1931 15 


6 


rita B. 
rita S. 

ils B. 

(engt 0. 
lernhard L. 

Jrik F. 
iolger A. 


/ar J. 
;nar W. 


1921 1936 

1920 1935 

1916 1931 

1915 1931 

1921 1937 

1916 1932 

1914 1930 

1920 1936 

1916 1932 

1915 1931 


Aug. 1938 0 
Juli 1931 A 
Juni 1931 0 

Jan. 1931 8 

Dez. 1931 9 

|Febr. l938 l ^ 
Miirz 1938 1 9 
Febr. 1938 1 8 
I Nov. 1931 1 9 

April '1933 I A 

W30 ® J 

1937 Jan. 1933 

1932 April 2 : 

1 1931 I April 193 
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Krankenbaus- 


aiifcntbnlt 

Besscniiifi d. Ztislands nacli .d. Uinlenunfi? 

nach Umlegung 

d. Bebandlung? 

In welcher Beziebung? 

Ursache? 

‘ 


nein ja Fuhle midi jetzt ganz gesund. 

nein nein Kein Unterschied. 

„ ; : (Frischer und starker. Kein Gedankc da- 

•’ i ran, dass idi krank bin. 

ja, Blinddarinop. ja Krafliger, jetzt munler ii. stark. 

jjgjjj (Erheblich starker, grosse Wendung zum 

•*' i Bcsscren. 


nein 

ja, Olit. med. 
nein 
nein 

Ija, Beinbruchl 
I + Olit. med. / 


• IMunterer. War nie so wohl wie nach d.l 
•'* \ Aiifenthalt in d. Privatklinik. 

ja Laune. Schivellung im Gesidit 

I und am Korper verschwunden. 
ja Viel starker. Fruher stets schwadi. 
ja (Kdrperkraft hat zugenommen. Durst u. 

_ ( Urinmenge geringer. 

ja Munterer, dicker, Herz ruhiger. 


pin starker geworden u. habe zugenom' 
men. 

Allgemeinzustand besser. Weniger Insiv 
lin u. bessere Dial. 

Grossere Kraft, mehr Gleicbgewicht im 
Gcsundheifsziistand. 

Werde nicht mude wie fruher. Gesund 
u. munter. 

Jetzt gesund u. stark, lebe wie andcre 
Menseben. 


ja Erheblich starker. 

ja Jetzt ganz gesund. 

ja p'lgemeinzustand im ganzen bctrachllicb 
( gebessert. 

ja gesund u. wie ein normaler Menseb. 

( Outer Einfluss auf d. Stimmung. 
ja Korperkraft bat zugenommen. ■ 

ja p''ossere Arbeitsfahigkeit u. gesleigcrte 
■; I Lebenslust. 
ja Augen besser. 

ja P']g®jaeinzusland besser. Munterer u. in 
I Ordnung. 
ja Stiirkcr. 

ja Viel starker. 








lii5nlhil)i'lmiu\Uuni Knmkculuius- 
nufriitlinlt 
nnch UmU's^ims 
d. Hflinndlmi!,*? 
L'rsachc ? 


jn, Vycli\i'< 


Uc>->i>TUiiji d. Zu'ilHiid'i nut'll d. l'inl('inm!|V 
In svflrhcr lU'/.k'luinj; ‘i 


j:t Kojdschnu'r/cn vt'rscUwundcn. 
jit Hcssi'rt l.-niiU' n. mcUi' I'ku'iplc. 
ji\ Sirivkor «. (icst^ndi'v. 
lU'in Urrrlu'irliwi'idcn licsli'lii'ii wfikT. 
ja (laiu. (jfsnnd n. ^\avk. V'vidu'v oU infidi'. 


lU'i’ii ja Allfirniciiuiislaiid cilirldirh lK‘<.‘;rr. 

ja, I.iiiif'fiidu'. ja I.aitiu' II. AllRoim'iidH'Iindcn ln".*;!-!-. 

noin ja .Mljjcnii'iiil'fliiidcn liodriilond Kflu-sMTl. 

ia. ‘I'onsilionoi). ia Nirlil 50 infidc. 


ja, ‘I'onsilioiKi]). 
(ja, 1) 'r. Ilron-I 
i oliilis I 


ja Hilioldicli sifirkcr, iK’.ssoro I.aiiiii'. 


ja Knrjx'llirli slai'kor. 

• ^ joic .M •liworon IiiMilinaid.'dlo ^ind ver- 
' M'liwiiiuU-n. 

Vii'l stafkor, ai ln'jktaliinor. 

Vifl (ri'dilirlioi’ 11. nonnalol'. 

Jctrl };i’Mind 11. staik. 


. ((io-iloiijorlo Krnucrkraft. KoprvoliiiU'ivon 
1 II. Mrliroolu'ii vi'illii; YorM-Invuiidon. 
ja Jt’l/l stark n. iininioi'. 

StarkiT 11. woniRor iiorvos. 

ja In ji'diT Hi'/ii'hmii;! 

. (N'iclils sn inudo wio In'dior. Zuckor vid 
I uloiVImiassifioi-. 

|Mfidi(;koil u. 'IViliialiiiislnsinkoil vor- 
ja scliwniulcn. Wonigor cni])r;in;>li(:li fiir 
I KrkrdtiniRon. 

ja Ji'lrt Ko.Miiid 11. iniiiitor, nulo Latino. 

. llCrfifliger, Solilaf Ito.ssor. I’uldo niioli 
■' j join wio oin Monsclil 

. (.Miintor iind gcsnnd. Krnttorkiad ist ni- 
■** I rfiokgokolirl. 

ia l*'*''"kal)osoliwoi'doii n. alio (lodankon an 
•’* I d. Kranidioil voisciiwundon. 




Alter Krankcnlmus- jnsuHn. „ , , 
bcim Itelinndluno , , ,, 

Aus- wegen Diabetes I'cl'^n*! “"!) tungszdt 

brueb vor Umlegung [yr Umlcgun; 

d. d. Bcbandlung d.Bcliand- 

*^licil'^ \n 7 nht Gcsaml- d- Um-l scit lung 
/ } ^ \ . da>'cr in Icgung 

(.labre) Mate Woclicn 1 


rgarela.!. I'dll 1934 2d 

rinM. 1913 193G 23 

ila F. 1919 1934 24 


;ne S. 

var (1. 1 

Isa N. 

.lin F. 

ulda F. 

Icrberl F. 
•yra S. 

Mgrid S. 

\kc II. 

Giidrun M- 

Olov NV. 

Fdsa F. 

llolgcr K. 

I K. (A^-i-’l) 

K. Krik H- 
Adar W. 

Fill S. 


11)08 1932 24 

1910 1934 24 

j 1909 1933 24 

1870 1901 25 

1902 1 1928 1 20 

1905 1931 20 

1900 1932 20 

1903 1929 20 

1908 1935 27 

1902 1930 28 

1905 1933 28 

1908 I 1937 1 21 

1901 1930 2i 

1902 1 1931 I 2 

1895 1924 I 2 

1900 1930 a 
1904 1934 ^ 

1890 1920 


1932 Mai 1937 0 
1930 Okl. 1937 A 

1934 Kov. 1935 A 
__ Dcz. 1937 9 

1928 Nov. 1937 0 

I 1931 Okt. 1937 B 

1932 April 1937 0 

1929 loll ** 
Dcz. 1937 B 


1 








Krnnkcnlintis- 
nufnillmtt 
nnch L'mlcsunsJ 
il. Hclmmllunj;'? 
Ursndic? 


){rs>-onini) il. /ustniitls nnch it. I'lnlrnimK V 
In wolcticr Jtc/.icluinp? 


. (AllRomcItuiislnnil liesscr. Jclzl pnn/. po- 
««■'« i-‘ \ snnd. 

ncin ja SlnrkTr. 

(PHysiscli n. jisycliisdi. Trulicr mall iiml 
ja. J ja i^dnvadi inloipc uiipmiipi'iulrr llrnrilii imp. 

. . (Sli'irkcr u. nnmicrcr. In jcdcr lU'ziduinp 

I hrssrr. 

npiii in KrhcWidi stalker. 


ja, Ikicrus 


Ija, Halsenlztin-l 


ja Uulnper. Vorher stamlipe Unrnlic. 

(In jeder Uerlrlninp. Spniuikmii v. Ar-, 
•I"’ I beilslaliipkell 100?^ip wieilcreiliallrn. , 

. |Yid starker, klarcr Sm KopI iinct lid Iics- 
jn ( 

sercr I.nnnc. | 

. (.-Jcirt pesutui n. nuinler, nls oh ich nii'i 
J''* i Znekerkianklii'il pdiatil liallo." j 

ja Gcringcrc Insnlinliesdiwcrtlen. ! 

ja I’sydiiscli pclicsserl. j 

(Kraft nirfirkgekdirl. Allpenicinriisland j 
■J'* j last diensopul wie vor iter Kr.nnklicit. 

(Jcl7.t pesnnil mil vollip normaler Kiirpt-r- 
I krafl. , 

ja Viet starker. : 

(Muntcr u. stark, kann jelrt tlic Itaiis- 
J'* I Iiattsarheit oline lllKc vcrridiicn. j 

ja Mclir Kraft n. Ansdaner l>ei tier Arlici'l.l 

jH'in Kcln Untersdned. 

.Altpcnicinr.uslaiul erliddich lic.sser. Schlalj 
I rnliiprr. 

ja Besscrc KOrjicrkrnll n. melir Ansdaiier.i 
, .KOrpcrlidi u. scdisdi wic ein panz an-' 
ilcrcr ^^ensdl. j 

Frfdicr nic so pesund pewesen. Karli deni 
. Aufenlhnll In d. Privatklinik nidit 

1 cinen cinzigen Tap krank. 

(*'« allgcincincn starker, kann midi nlioi 
( zcitwcisc schw.adi fithlen. 

ja Starker n. nidit so infitlc wic vorlier. 

(Gcringcrc Insulintiesdiwerden (jelzl sd- 
ja ten). Gcsicipcrtc Arlicitsfrdiigkcil. Gro.s- 
I seres scdisclics Gleidigcwidit. 
ia l^•'^'^^'lcs Wohlbcdndcn, Kraftsteigcninp 
■** ( H. Lelicnsmut. 
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Gc- 

burts- 

jahr 



Krankcnhaus- 

bcliandlung Bcobaeh- 

wegen Diabetes nchanalung 

vorUmlegung 

d. Behandlung Omlegun 

vor d. Behand- 

Anzahl Gesamt- d. Um- seit juna 
,, , daucnn lecun'' ° 

Wochen 


Oskar L. 
Ingrid A. 


Ture N. 
Gitnnar R. 


1904 1935 31 
1902 1933 31 


Hanna 0 . 1903 1934 31 


1902 1933 31 
1902 1933 31 


4 nein — Jan. 1938 

. 5 ja 1933 Sept. 1937 

7 ja 1935 April 1938 

4 ja 1933 Okt. 193G 

4 nein — Okt. 1934 


Edit H. 
Marla S. 


1900 1931 31 
1899 1931 32 


Georg P. 1902 1934 32 


Evert F, 
Ingeborg K. 

Fredrik V. 
Paul W- 


Birgit E. 
Erl and G. 


Karl H. 
Anna B. 
Herbert E. 


1901 1933 32 

1899 1931 32 

1896 1929 33 

1901 1934 33 


Tanno K. 1901 1934 33 


1897 1932 35 
1893 1928 35 


John A. 1887 1923 86 


1884 1921 37 

1894 1931 37 

1894 1932 38 


EbbaH. 1892 1931 39 

GrclaS, 1889 1929 « 

Olga A. 1890 1931 « 


1 6 

2 4 


5 >20 

2 8 


ja 1931 Marz 1938 

ja 1931 Okt, 1938 

jk 1935 Juli 1937 

ja 1935 Fcbr. 1937 

ja 1931 April 1936 

ja 1930 

ja 1934 


937 B 


8 ja 

2 8 ja 4936 

2 7 ja 4932 

4 16 ja 4933 

j . 4 nein — 

G 18 ja 4932 

5 90 Ja 4931 


1937 A 

1938 0 

1935 9 










■Ill 


lifiiillnlieliniiilliiiiti 

KnnikcnUmi'i* 

niifriilliidt 

11 

Iiccon 

lU'M 

utn- 

Kt'lri;! 

M'llloS 

son 

nacli 1 iiilfknri.u 
<1. ItfliandluiiK? 

Ursiiclif? 

j-i 



min 

ja 


j:> 


mi’n 

ja 


j'l 


mill 

ja 




ija. Miiitfii-l 



J*' 


t kraiiklu il j 

i-a 




tu in 

Ja 


j:> 


JUMIl 

ja 




( ja. 1 T. 1 





llnntien/a) 

ji* 


j‘-| 


nein 

ja 


ji' 


iifin 

ja 


j:i 


nein 

ja 


j:> 


nein 

ja 


j:i 


nein 

ja 



j:i 

nein 

ja 


if 


ja, Olil. media. 

Ja 


j;t 


nein 

ja 


Jf 


nein 

ja 


if 


nein 

ja 


ja 


Ja, Olil. iiieil. 

ja 


jf 


nein 

ja 




nein 

ja 


j:i 


a. Uliiiddarinop. 

ja 


j;i 


ja, Heinlinieli 

ja 


III UflcluT ncj>icluiiii;? 


In jnlcr WVisc rnunicrcr. 

|Si-Ue jd?l :nts wii- die vrt-ljc'.tpct If Cf 
I SUIKlIlfit. 

iWiciIr-r nrlH'il«if,'il)if;. Ffihio niich Iioni- 
I Kfsmid, Mfiitf Hcknnntcn 
iiir 7ii\cir sr> crcchfi). 

|In j (-(Icr Ffrirlitiiu’, licsM-ror Kt.'ilif/ii- 
•■latul. 

MUmiifinriist.-iml pclx's-oi | 

Kill ft II. I, nil Of 

(In jnlrr llfiioliiitu:. 1‘dlilf tnirli Mif fin 
i| ftf'-iinilfr Mnivrli, 

[j.\llr,fniriiuii-.t.nul nil. nil i:iWs\rii. St 
MiiiliKUh; Arlifit-tifinir mi<l l.vli. jnlnvi 
M’ml nir<ick^;fJ.rlin. 

[(.Vui'crordciiilich vi.-I ;,i;, it.fr ii in jf.lfi 
I IlfzirliiMit; In- 
In jfdrr Hfriflinnp. 

lirhfMicli niiinirrfr nli varlifr. 

|((•.c'.lt^d 11 . M.-.rkff. Drr Inilifr I.-iij;. 

K.-irkniM-Iinifi-j vcrM-tiwinidfii. 
[AIIpfim-inni*.t;uid iiifrl.l.nr bfw,.,.. 

I. l>rilif,MiiK};flt n. Widf n.tnniKkrnIt ei. 

. Iliilll. 

(Sl.-.rkfr, CrMfijjfrtf Widfi.slnniKli.liifkfil 
I prurn Itr knit tin I'.oii. 

St.'irkrr iiiid iiilifilsf.-.hioT. 

jl.ntinf lifkn'r, nndt korjifrlirlif lll^^^f. 
nini’. Arlicilf intrn<.ivfr nliiif lunifi- 

Slnrkfr, finnz CfMiiid, 

V if I starker. 

VifI l.f<..or. ^Vif vnr d-r Kranklieit 
.\frvf„ ,fir( vollstmidi,; in tirdnum;. 

-.-c niid scldnf.. uifdf,. ivif ei,, 

">.nfr .\ fiivfli, /nn-kf,. n„d s.niif vet 
.'rliwnmleii. kt*. n.Kfnoinnifii. 

Allf:(Mnfinnim;iml hvwr. 

In jodi'r 
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John E. 

Anna 0. 
Klas 0. 

Anna L. 
Edit S. 

f 

Herman S. 


890 1931 41 

883 1925 42 

881 1923 42 

885 1928 43 

885 1929 44 

1879 1923 44 

1881 1925 44 

1890 1934 44 

1888 1933 45 

1884 1929 45 


Charles A. 1887 1933 46 


Hanna J. 
Marla 0. 
Konslans L, 
Ester A. 

Signe P. 
Greta G. 
Elsa S. 
Simon A. 
Lovisa S. 


Krankenhaus- . „ 

Iiolinndlung Insulln- 

wegen Diabetes bcliandlunn 
vor Umlegung 
d. Behandlung 


Anzahl 

Male 


889 1935 46 

888 1934 40 

883 1929 46 

888 1936 48 

883 1932 49 

885 1934 49 

879 1928 49 

882 1931 49 

880 1929 49 

879 1928 49 

885 1935 50 

880 1930 50 

882 1932 50 

881 1932 51 



vor 

d. Um- 
legung 



Bcobacli- 

lungszcit 

fiir Umlegung rypus 
(1. Behand- 
lung 


4 ja 193i; Nov. 1935 0 

6 ja 1936 Juni 1937 A 

12 ncin — Mi 1937 A 

14 ja 1936 Juni 1937 B 

36 ja 1931 Aug. 1938 0 

ja 1935 Marz 1938 15 

"932 Nov. 1935 A 

935 Sent. 1937 B 


ja 1934 Juni 1935 A 



1933 1 April 1938 0 


11 Jfi 

18 jfi 

22 

16 ja 


12 

ja 

1930 

1 _ 

18 

ncin 


12 

ja 

1929 

12 

ja 

1932 

4 

ncin 


7 

ja 

1935 

4 

ncin 


15 

ncin 1 















Krnnkcnluuis- 
nuIcntlinU 
nach Umlcgung 
(]. BcliancUung? 
Ursaclic? 


ncin 

ncin 

ncin 

ncin 

ncin 

ncin 

ncin 

ncin 

ja, Iklcriis 
ncin 

ju, nascdowop. 

ncin 

ncin 

ncin 

ncin 

ncin 

ncin 

ncin 

ncin 

ncin 

ncin 

ncin 

ncin 

ncin 

ncin 


Hcsscninii il. Zusfamls iiacli (I. UinlcjinniiV 
In \vclciicr Uczicliung? 


ia Bcsscrc Korpei-krafl. 

|Zunchmcndc Bcsscning. Im Iclztcn .lahrc 
j*** \ besondcrs iminicr. 

|Jclzl nuinlcr n. frisch. Mchr Lcbcns- u. 
■1^ \ Arbcllslusl. 
ja Fuhlc niich gcsiind. 

ja Bcsscrc Launc ii. Arbeilsfrtbigkeil. 

ja Starker u. bcsscr. 

ja Gesund u. mvintcr. VoU avbcilsfahig. 

lAllgcmcinzustand u. Arbcilstilhigkcil 
ja incrkbar gcbesscrl. Langdauernder Er- 
mudungszusland vcrscliN'.undcn. 
picse Umstcllung von Insulin u. Kosl 
•l‘* I ausgczciclincl tiir inicli. 

. |\Vcnigcr Schwcissausbri'ichc. Arbcils- 
I irihigkcit u. Allgcincinzusland bcsscr. 

[Zunachst bcsscres Allgcmcinbcfindcn 
ja Dann Bascdowsymplomc (Mudigkcil, 

Ilcrzbcscluvcrdcn u. NcrvcnschwacUc). 
. [Starker, babe nlcbV das qurdende llun- 
I gergeffdd \vic vorher. 
ja Gesunder, kcinc Insulinanlrdlc. 

ja Starker, Allgcuicinzustand bcsscr. 
ja Vicl gesunder u. starker. 

ja Allgcnicinzustaiul crbcblicb bcsscr. 

ja ^Ycnigc^ inudc. 

ja Erbcblicbc Bcsscning. 

ja Bn allgcmcincn bcsscres Betiiulen. 

ja Allgcmeinziisland bcsscr. 

ja Starker. GrOsscrc Arbcilsbisl, froblicbcr. 
ncin Ilcrzbcscluvcrdcn. 
ja" Gesunder u. starker in alien Beziebungen. 
ja Starker. 

. (Schr viol bcsscr auf Gnind von krrdti- 
\ gerer Ernabrung. 
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Dlal)c- 

tcs 

kon- 

slaliert 



Krankcnliaus- 
bcliandlung 
wegen Diabetes 
vor Umlegung 
d. Behandlung 




Gcrda N. 
B. A. 

Olga S. 
August L. 

Emmy D. 

Ida B. 
Anna E. 
Carl N. S. 

Erik E. 
llilma A. 

Carl 0. 
Elof L. 
Anna B. 


1875 1927 52 

1883 1935 52 

1877 1930 52 

1880 1932 52 

1 1884 1936 52 

1881 1936 55 

1876 1932 56 

1881 1937 56 

1879 1936 57 


1880 


1873 1931 58 

1882 1930 58 

1864 1925 01 


Bcobacli- 

tuagszcit 

fiir Umlegung Typus 
d. Behand- 
lung 


8 ja 1928 April 1937 0 

8 ja 1937 Juni 1938 B 

5 ja 1933 Jan. 1935 A 

22 ja 1934 Febr. 1938 0 

10 ja 1937 Marz 1938 A 

G nein - Febr. 1938 A 

6 ja 1933 Aug. 1938 A 

12 ja 1937 Nov. 1937 

14 ja 1936 Okl. 1937 1 

5 ja 1938 Aug. 1938 

■„ _ Okl. 1937 

4 nein — 

Mai 1936 A 

6 ncm - 

28 ja 1928 Aug. 1938 « 
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I ln 5 «Itnl.ohnn.IIunn Krai.kenlm.is. 

iiiifpiitlinK 
nacli Umlcgung 
d. Bchandhiiig? 
Ursachc? 



ltp<i<rniii() (1. ZnsJniuls iincli d. Uinlrijiinn ? 
In wclchcr Bczicbung? 


. . lAllccmcincs Wohlbctinden crhcliUcU cc- 

I slcigerl. 

iicin ja Kciiic Insidinbcsdiwcrdcn. 

nein ja Vicl gcsundcr. ^Yic c'ln ncucr Mcnscli. 

|lCorpcrkrnfl, Arbeilshisl and Lebcnsfrcudo 
•I''* I sind ztiruckgckclirl, 

)Mudigl;cil vcrschwiindcn. Vcrlragc allc 
I Spciscn l)csscr. 

• ,, , ,, . (GesundhciUidi bcsscr. Das lasllgc Jiid:on 

ja, iklonis _ \V. j.i ^ aulgchdrt. 

nein ja Grosscrc Kbrperkrnfl. 

in, NcphrosUlcrnsi', 

Ikicrus + Hncmorr- nCin 

tiagin ceroliri (.Iclzl gcsiind und nnintcr, wic Iievor idi 

\ krank wurdc. 

nein ja Filhlc mich wohlcr. 


( ja. 2 mnl | 

IGcbirnthroinliospi 

ja,' Parotitis ja Erbcblich bcsscr. 

nein * ja Starker. 






ANHANG 

A N A LY S F. M FTI 1 0 1) K K 
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Analy semethoden . 

Bei der physiologisch-chcmischcn Blul- unci Uriiuinlersu- 
chung isl es sehr wichlig, class die Analyscn inoglichst bald 
iiach Entnahme der Probe ausgefiihrt wcrdcn, clamil das Forl- 
schveilen von Reaklionsprozessen verhinderl wird. Bei grossen 
Serien isl es jedoch nichl moglich, .die Analysen unmillelbar 
auf die Entnahme folgen zu lasscn; man muss in diesem Falle 
die Pioben fixicren. Da mchrere der iiblichen Fixiermillel 
saner reagieren and infolgedessen empfinclliche Subslanzen 
hydrolysieren kdnnen, lasseii sie sich nichl mil Vorleil verwcn- 
den. Der Harnsloff kann z. B. im Diabclikerurin in gewissen 
I'allen binnen svenigcr Tage bei Zimmerlcmpcralur quanlila- 
liv zu Ammoniak und Kohlcnsaurc hydrolysicrt sverden. Dabei 
sleigl der pH- Wert des Urins auf 9,2, die pH-Zahl des freien 
Ammoniaks. Die Anwesenheil von Toluol verhinderl die Bak- 
leriemvirkung, hcmmt abcr nichl die Enzymwirkung. Auch 
die Aufbewahrung der Probe im Kiihlschrank verhinderl den 
enzjTiialischen Zerfall cmpfincllichcrer Subslanzen nichl. 

Einc brauchbare, einfache Fixiermelhodc bei phj'siologiscli- 
cheinischen Blul- und Urinunlersuchungen isl die raschc Tief- 
kiihlung der Proben mil Kohlensaureschnee auf — 80° und 
iiacdiherige Aufbewahrung in gefrorenem Zusland in Isolierge- 
I'ussen mil Kohlensaureschnee, bis man die Analysen ausfiihren 
kann. 


Kolileliy dralb es limmii ii gsm e tli od eii 

Bcsliinmunji reduzierendcr Zuekerarten im Blul 

Hierbei fancl die Akiji-hvalakesche Modifikalion der Blnl- 
J-uckerbeslimmungsmelhode nach Hagedorn-Jensen Verwen- 
dung (Biochem. Z. 242, 43, 1932). Das Verfahren isl in Bappa- 
ports Mikrochemie des Blutes, Leipzig 1935, ausfiihrlich be- 
schrieben; es wird daher auf die dorlige Darstellung verwiesen. 

28 
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Spczifisclie Bpsltomung von HcvosonimBlui 
(Orzinmethode) 

Djcse Methode grundet sidi darauf dass all? Rpv 

aus solchcn zusammongeselzte Polysaccharide unier Im a 

Widen (v^l rT7'r'T''’ O^yrae'hsIfurW 

dabe. erne Rolfarbung zustande, svelche kolorimctrisci, gem«. 
sen Averden kann. Im Blute findet sich allerdings auch Glyko- 
gen, welclies dicselbc Farbe w,ie Glykose gibt. Um diese Feli- 
Inrquelle zu vcrmeiden wird das Blut wie bei der Besfiramung 
von reduzierenden Zuckern mit Zinksulfat and Natronlauge 
^ crselzt. Das Glykogen, weldie im Blut an Eiweiss gebiinden 
ist (DcsmoglyJcogen) wird da ausgefallt 'und stort die Analyse 
nicht. Das niclit an Eiweiss gebundene dagegen (das Lyoglg- 
kogen) wird zusammen mit den Hexosen bestiimnt; aas diesem 
Grunde ist der Orzinwert bei Anwesenbeit von Lyoglykogen 
im Blute holier als der enlsprechende Reduklionswert (s. Tab. 
19 S. 288). 

Ausfulirung: Man gibt zu 0,2 ml Blut in einem 1 ml Wasser 
enthallenden Zentrifugenglas 2 ml 0,l5n NaOH und 2 ml 3,C- 
%iges ZnS04 und kocht im Wasserbad drei Minulen, ivorauf 
das Gemisch scharf zentrifugiert wird. Dann wird die Fliissig- 
keit in ein gradiiiertes Messgefass gegossen. Der Bodensatz 
wird in 3 ml Wasser gewaschen und von neuem zentrifugiert 
Das Waschwasser gibt man zu dem Inhalt des Messgefasses 
und verdiinnt das Ganze auf 8 ml. Von dieser Menge verden 
Doppelproben von je 3 ml zur Analyse entnommen. 

In ein 50 ml fassendes Erlenmeyerkolbchen pipettiert 
3 ml der Probe und setzt 13 ml H2SO4 (9 ml konz. H: < 
ml HoO) sowie 2 ml Orzinlosung (1 g Orzin in 1 « 

l-ESOA zu. Gut umriihren! Das Kolbchen wird mit einem un - 
glas od. dgl. bedeckt und in einem Wasserbad mt konsl^,^^^ 
Temperatur von 80 — 81° 20 Minulen lang erwarm . 
versud. svird mil dem Reagens ohne Hexose anges Wj; 

rcinstes Orzin and Sclmefelsaare (pro " ^or Her- 

Bei gulen Reagenzien wird der Blindwerl fast null. 
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stellung der Eichkurve dienl reine Glykose. Ablesiing im Stu- 
fcnphotometer, Schichtdicke 3 cm. Filter S 50 [Margarete So- 
rensen, Biochem. Zeitschr. 260, 247, 1933). 


Bestimmiing von Glykogen im Blut 

Man kocht 0,1 ml Blut zwei Stunden lang mit 1 ml 40®/oige 
KOH in einem Zentrifixgenglas. Nacli Abkiihlung werden 2 ml 
absoliiter Alkohol zugesetzt, dann lasst man die Probe bis zum 
niichsten Tage stelien, wo sie scliarf zentrifugiert wird. Die 
Fliissigkeit wird vorsiclitig dekantiert und weggegossen. Der 
Bodensatz wird in 1 ml halbgesattigter Na:S 04 -L 6 sung aufge- 
lost und aufs neue mit 2 ml absoliitem Alkohol versetzt. Das 
Gemiscli liisst man dann bis ziim niichsten Tage stehen, an 
welchem die Probe wiederum zentrifugiert wird. Das Dekan- 
Inl wird abgegossen. Der Niederschlag wird in 3 ml H^O ge- 
losl und in ein 50 ml fassendes Erlenmeyerkolbchen gehracht, 
Dann verfiihrt man wie bei der Hexosenbeslimmnng mit Or- 
zin laut vorslehender Beschreibung. Das Glykogen wird inr 
Laufe der Bestimmung hydrolysiert. 

Ober Hydrolyse des Glykogens in saiirer Losiing vgl. Sjo- 
gren, Nordenskjold, Holmgren und MoUerstrom, Pfliigers Arch. 
240, 427, 1938. 


Bestimmung von Glykose im Urin 

Der Harn wird mit neutralem Bleiazetat versetzt und filtriert. 
Das klare Filtrat wird durch Bestimmung der optischen Dre- 
hung im Polarimeter auf seinen Gehalt an Glykose hin analy- 
siert. Kontrollen mit Reduktionsbestimmung und mit Hilfe der 
Oxymefhylfurfurolbildung liefern in der Regel iibereinstim- 
mende Werte. 



Methodcn 7Air Bestimmuiig stickstoffhaltiger 

Substanzen 

Bcstimmuncj dcs Rcststickstoffs im Blut 


Man verdunnt 0,1 nil Blut niit 1 ml 10%ige Trichloressig- 
siiiire uiid zcnlrifugiGrl scliarf. Die iiberstehcndB Fliissigkcil 
wird von dem Niederschlag abgegossen und in ein grossercs 
Zo.nlrifugenglas gebracbl, worauf 1 ml 25%ige HjS 04 imd 0,o 
ml 10%igc Phospborwolframsanre zugegeben iverden. Dcr 
neuc Nicdorsd.lag wird bei 3500 Umdrelumgei, proMmnle2(l 
Minulcu laiig abzenlritugierl. Das Ware DetolalwaOam 

in cin Vcrbrcnnimgskolbclien iibergesossen Man Kl .» 

konrenlricvle H-SO, hinzu und erwarml das GenmA mil a 
"™cr Milligramm Kupfersulfat in Substanr. Wena 
rSiS dunkdbrauu oaer s^sb ^n ma .a 

Tropfen SOfaiges H,0, “Sff *! 1 1 Deslilh- 
lorcr Osydation favblos und ilnr ''u . ■ 

lion nach Parnas ferlig. I*'® ^^ogaeijen, "’o™”' * 

verdunnt und ein Tropfen Thymo » ^Yjsserianipt 

.oil 30%iger NaOH ''"f """rtard in 1 «1 » 
im Vakuiim destilliert wird. Das in die Vorlagc 

HCl aufgefangen. abgebro*"- 

iibdrdestmicrt Sind, wird J aof 15 ml verdimnl »» 

Deslillat wird in einem DieFarbeff 

dann mil 1,5 »l ”!S«n (SdiicWdicte 2 « F - 

i„ cincnr Stufenphotonieler 

X c -nip Eiclikurve Avwd mn Am von 

ler Menge 

gens wird von dem Wert de. 

veroffentlichte Methode). 



Bcsnmmiinfi dcs Gbilaiiiins im Blut iiach 
Orslrom 

Dcr Melhodc liegl der Vcrlauf dcr Hydrolysenkuvvc l)ci dci 
Freimachung des Ammouiaks aus dem Glulamin bci saurer 
Hydrolyse zugrunde. IJei der Eiweissfallung jiiiissen Fallungs- 
millel verwendcl Averdcn, welche alle andcrcn slickstoffhal- 
ligeii Subslanzen mil Aasnabme dcs Givdamins milreissen. 

Eine bcsUmmle Mcngc Blul (8 — 10 ml) wird mil 40 ml IT^O 
verditnnt. Unlcr Umriihren wcrdcn 0 ml 259oigG Phosphor- 
wolframsaurclosimg zugesetzt. Der Niedcrscblag ^Yird scbarf 
abzenlrifugierl. Die klare Fliissigkeil wrd in ein 200 ml fas- 
seiides Messkdlbchcn abgegossen. Den Bodcnsalz ■\vascht man 
2- l)is 3mal in 10 ml 2,5f/ibigcr Phospborwolframsaureldsung. 
Die 'Wascbniissigkcil wird zii dem crslcn Dekaiilat binzugcliigl, 
der Niedcrscblag wird weggeworfen. 

Zu dcr Losung (Exlrakt + Waschfliissigkcil) , weldic Icicbl 
opak sein kann, olmc dass dies die Bcaklion slort, gibl man 
thva 150 ml Aq.dest. Dann wcrdcn imler Umscbiilleln Iropfcn- 
weise 9 ml konzenlricrle HiSO* zngeselzl. 

Die Losung wird in ein andercs Messkolbcbcn dcrselbcn 
Grossc fiUrierl and bis zum Slrich mil Wasscr verdiinnt. Von 
dieser Losung missl man Tcihnengeu von je 20 ml ab, welcbe 
0, 5 und 10 Minuten lang bci 100° im Wasserbade bydrolysicrl 
werden. 

Die bj'drolysicrlen Proben werden mil cinem Tropfen Pbe- 
nolpblaleinlosung versetzt und mil an KOH bis zu scbwacb 
roler Farbung nculralisiert, worauf 5 ml Boratpuffer (pH 9,3) 
ziigegeben werden. Dann wird die Probe im Parnasseben Appa- 
rat dcslillierl und Nesslerscbes Rcagens zugeselzl. Das durcb 
die Hydi’olysc frei gewordcnc Ainmoniak slamml aus dem Glul- 
amin, welches urdcr den oben angegebenen Bedingungen bin- 
uen 5 Minuten quantilaliv bydrolysicrl wird (Orsirow, Hoppe- 
Seylers Zschr. f. phys. Chem. 27/, 77, 1941 sowie unvcrdfrenl- 
lichte Arbeiten). 





Fnrm«»Uitr‘n^riuti! von ll;N 


M-m viTscl/l tnl llnrn mil oinii^cn Knliumoxalalknslallpn 
' . 1 n in N'lOIl mil Phcnolplilalcin als 

1111(1 tii iilnili'M ll iliinil 11 . ‘ rorinalin (ncu- 

tnilti hiliiii. ii'*ii-ii' . , \iisser fiir Aiiiiiioii'nb 

«. ; ; 'm niullicbslort cine., Alls- 

.■il.t (lie l'..nil..UilniTiili!; i""-'' ‘“f 



IliMiul.iiin.il (ri-ii-n AiiiiumimKi^ iiiid. l>«™ns 
1.1 ml lliinilpiitfiT il>M 0.a) 
w:::::*:::; >... 
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Ammoniak wird in 10 nil O.Oln HCl anfgcfangen. Die ver- 
brauclile Salzsanrc wird mil 0,0ln NaOH litrierl. Als Indika- 
lor wird das Kjddcihlschc Rcagens verwendel (Losung a: 0/117 
g Mclhylrot in 835 ml absoluter Alkoliol; Losung b: 0,10 g 
Metliylcnblau in 165 ml H;0; a und b werden zusammengc- 
•gossen und vor Liclit gcscbiilzl aufbewabrl) . 

Boratpuffer; 12,4 g Borsiiure + 4,4 g NaOH + 110 cem H.O. 

In der Regel isl die Obcreinstimmnng zwischen dem Ammo- 
niakwert bei Formollilricrnng imd dem Ergebnis der Bcslim- 
mnng nach Panins im Diabelikerbarn schr gnl. Mancbmal 
koinmen jedoch auf der Ausscheidnng von Aminosiiuren beru- 
hende Differenzen vor. 


Bcslimmung dcs Ghitamins im Uriu 

10 ml Urin werden mil einem Tropfen Pbenolphlaleinlosiing 
Yorsetzl nnd mil n NaOH bis zur scbwachen Rolfarbnng nen- 
Ivalisicrl, worauf man 10 ml Boralpuffer (pH 9,3) zufiigl. Freics 
Ammoniak, welches die Reaklion sUirl, wird zncrsl im Parnas- 
schen Apparal mil Wasserdampf im Vakuum abdcslillierl. Das 
gesamlc freic Ammoniak gchl binnen 3 Minnlen iiber. 

Der im Dcslillalionskolbchen zuruckblcibcnden, Glulamin 
enthallenden Losung werden 9 ml konzcnlricrle II;SO< zugc- 
sctzl, nnd man bringl das Volumen mil Wasscr anf 200 ml. 
Von dieser Fliissigkeil niinml man drei Proben von je 20 ml 
zur Hydrolyse (0, 5 nnd 10 Minulcn) nnd verfabrl wic bei der 
enlsprechenden Blulanalyse. 


Bcslimmung von Krcatin und Krcalinin im XJrin 

Zum Nachweis des Krealinins im Harn dicnl die oraiigerolc 
Farbe des Krealininpikrals. 

Das Krealin wird nach Hydrolyse als Krcalinin beslimmt. 

Zur Kreatinbestimmimg missl man 1 ml fillrierlen Urins in 
einem 100 ml fassenden Messkolbchen ab. Dann werden 20 ml 
kail gesaltigle Pikrinsaurelosung und 1,6 ml 10%ige NaOH 
z.ugesclzt. Das Gemiscb wird umgcscbnllelt und 20 Minulen 



426 


slchengol!i.s.sen. Danacli wird Wasser bis yum i c r- 
^'cmischt und binnen 5 MimUen im SiufcnpbotomdeAbglie^^^^^ 
(Schichldicke 1 cm, Filler S 53). Bci dcr Bereilang der gesiil- 
tiglen 1 iknnsaurclostmg muss reinsle Pikriusiiurc venvendel 

Olden (liber die i^cinigung vgl. Rappoport S. 111). Um cine 
gesalhgle Losimg zu erhallen lost man 1,2 g reine Pikriusaurc 
m 100 ml kocliendcn Wassers imd kiihlt die Losung ab. 

Pci der Krcatinbeatimmimg wird ziicrst die Krealininmenge 
in-millell, dann die Summc von Kreatin imd Krealinin nach 
Hydroly.se, woliei die Different aus Kreatin besfeht. 

10 ml Ilarn werden mil 0,25 ml konzenirierte HCl drei Slun- 
den im ^^'asscrl)ade gckochl. Dann wird die Probe in ein 25 
in! fassendes Mcsskolbchcn fillricrl und bis zum Stricb ver- 
diinnl. 1 ml dieser Losung wird zur Krcalininanalysc in der 
oben angcgcbcncn Weise vcrarbcilel. 

Die liiichkun-c wird mil rcincm Krealinin in bekamiler 
Mcnge Iiergcstclll, 

Diese Analy.scmelbodo lieferl milunler infolge der Amvesen- 
beit von auf die Farbreaklion slorend einwirkenden Subslan- 
zen im Ilarn nnbefriedigende Werle. Zur Zcil verfiigen wir 
allerdings Tiber koine bc.sscrc, fur Krealin und Krealinin spe- 
zifisebe Mclbodo. 

Enihall der Urin Kelonkorper, so sind diese zuerst durcb 
Dcslillalion mil 'WasserdampL am beslen im Parnasschen Ap- 
jiaral. zu entfernen. 


llc.sliminung dcs Cliolins im TJrin 

Das Vcrfahrcii griiiKlcl sicli daraur, 

,,d nculralcr odor scl.wad. saaror Roakl.on ,™' ^ 

1, indung cingcW, deren Mengc sich jodomelnscl. bestom. 

Mnu venew I m. dc neu.ra.eu ode,- sduvaC. 

,„it 0,3 ml Jodjodkaliumlosuug (167.0 g 8 

Aq. ud 1000 ml) und zenlrifugicrt scliorf. Die 8 
abgcgosscn und dor Bodensalz rasd. und vorac M „ 
r gewasdiou, Ws die Jodfariuing veiscluvundeu isl. 



gibt man 2 ml Chloroiorm hinzu imd lilrierl mil 0,0ln Nal- 
riumlluosulfal) mil Sliirkc als Indikalor. 12s isl wiclilig, dass 
man die Probe bei dcr Tilrierung gul umscbiillell, so dass das 
Nvahrend dcr Titration frci wcrdcndc Jod aus dcm Chloroform 
in wiissrige Ldsung iibergebcn kann (liowfin. Biocbem. Zeit- 
schr. 2/.^ 218, 1930). 


McUioticii zur Plios|)liorl)Csliinnniiig: 

Ilestimmunji des anorf|aniseli«‘n Phospliats iin lilut 

Rcatjenzicn: I. 30 ml konzentrierle ll.;S 04 worden mil Aq, 

dost auf 100 ml vcrdiinnl. 

II. 10 g Ammnninmmolybdal, .Vq. dost ad 100 
ml. 

III. 1 g llydrocbinon, 20 g Nalriiimsnlfil, Aq. 
dc.sl ad 100 ml. 

Ausfiihnuuj: Man ver.sclzl OJ ml Hint mil 1 ml O/i-ige Trl- 
chloressigsiiure und zcnlrifugierl .scharf. Das Dekanlal wird in 
ein klcincrcs (13 ml fassendes) Messkolbcbwi pipellicrl. Dor 
bodensalz wird einmal in 1 ml 5‘/cigc Trichlorossigsaurc ge- 
wasclien. Die Waschfliissigkeit wird zum Dekanlal binzuge- 
fiigl. Ebva 8 ml Aq. desl und danacb je 1 ml von Heagens 1. 
II und HI werdeu zugeselzl. Man vcrdiinnl mil Aq. dost bis 
zum Slrich und scluiUcll gul um. Nacli 30 Minulen Ablesung 
(blaue Fiirbung) im Slufcnpbolomelcr (ScbicbUlickc 3 cm, Fil- 
ler S. 72). Hei Kxlinklion 1000 in dieser Schiehtdickc cnlb:ill 
die Probe 40.1 y = 0,-101 mg^r P. Dcr logarilhmisebe Werl wird 
aus der Eichkurve abgelesen {BrUfc/s, J. of Biol. Chem. ,3.V, 13, 
1922). 


Bestimmunjj dcs Gcsamtplmsiihats im Blul 

Man vei-diinnl 0,1 ml iBlul mil 1 ml Aq. dost, und giassl die 
Losimg quanlitaliv in ein Beagcnsglas aus Jenaer Glas odor in 
fin Kjeldablkoll)cben. Dana solzl man 1,1 ml II,S 04 (Rcagens 
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h s. oben) zu iind erwarmt das Gomisch. Wenn din Pmi 
.cinvarz isl werden einige Tropfen Perhydrol zugegeben and 

ZslTo^ ^- f^rtgesetzt. Es sollen 

NCisse SO.-Dampfe abgelien. 1st die Probe klar, so wird sie 

nach Abkuhlung weiterverarbeilet 1st sie trube, so setzt man 
nocli einen Tropfen Perhydrol zu, welches abgedampft wird. 
t)s isl wichlig, dass alles Perhydrol beseitigt isf, wenn die Probe 
zur Analyse verwcndet wird. 


Dcr Inhall des Verbrennungskolbchens wird niit Wasserver- 
diiniU und quanlilativ in ein 15 ml fassendes Messkolbchcn 
iibergefiihrl. Danach Zusalz von 1 ml Reagens II und III so- 
wie Auffullnng mil Aq. desk bis zum Slrich, woraiif man wie 


oben verfahrl. 

Bei dcr Beslimmung dcs Phosphors in Blulkorperchen und 
Plasma wird Heparinbliit soharf zenlrifugiert und das Plasma 
von dcr Blulkorperchenschicht abgeheberl. Von dem Plasma 
nnd vom Grnndc der Blulkorperclicnschicht saugt man je 0,1 
ml zur wcilcren Analyse laid obiger Bcschreibung auf. 

Organisch gcbundencs Phosphal: Differenz zwisclien Gc- 
samlphosphal und anorganischem Phosphal. 


Ilcslinimunq dcs anorganischcn PJiosplials ini Urin 

Man vcrdiinnl 1 ml Urin mit Aq. dest. auf 10 ml. Von dieser 
Verdunnung wird 1 ml in ein 15 ml fassendes Messkolbdien pi- 
netticrl. Man setzt etwa 10 ml Aq. dest. und dann je 1 ml ion 
Reagens I, 11 nnd III zu. Umschiitteln und Auffiillen miU.q- 
dest. bis zum Stricli, darauf Ablcsung wie bei der enfspreclien- 
den Beslimmung im Blul. 


Bcslimnimig dcs Gcsamliiliosiilials im Bria 

Man verdiinnl I ml Urin mit Aq. dest. auf >» ■"'] 
-erdunnung wird 1 ml in ein «i. 

der cin Kjeldahlkolbchen pipettiert. Verbream g 
3 rc Untersiehang wie oben fur Blut angegeben. 



429 


Mclliotlcii zur Clilorbestiminuiig 

Bcstimmiing tier Chloride im Blut 

/h’fi(/c'n:u;n; 1. Silber-Ger-Rcagens. Man fulll 10 ml 0 ,ln 

AgNOn in elu 100 ml fassendes Messkolb- 
chen \md selzl 20 g Ccriiammoniumnilral, 40 
ml konzentrierlc HNO 3 und 15 ml einer in 
der Kiille gcsatliglen Lfisung von Ferriam- 
moninmsnlfat zn. Nach Losnng des Ceriiim- 
salzes wird mil Aq. dest. bis zmn Slrich 
anfgefiillt. 

II. G0%ige Glykoselosnng. 

Ill, 0,01n Rbodankaliumlbsung, ans cincr 0,tn 
KSCN-Slammlosimg bcreitcl. 

Ausffihnmg; Man bring! mil cincr KapillarpipcUc vorsiebUg 
0,1 ml Blul in cin Rcagcnsglas aus .Icnacr Glas mil nngcfahr 1 
ml Aq. desk cin. Die Pipelle -svird sorgfallig mil Wasscr dnreh- 
gespiill. Dann werden 2 ml AgNOa-Ccr-Rcagens zugesclzl nnd 
da.s Rcagcnsglas auf 5 bis 10 Minntcn in cin kochendes Wasser- 
bad geslellt, bis die Liisung klar gclb wird. Der 'Obersebuss an 
Ceriumsalz wird durcb Zusalz von 0,o ml Glykoselosnng und 2 
Minulen langem Koeben im Wasserbad reduziert. Nacb Ab- 
kiihlung lilricrl man mil KSCN bis znr Orangefarbimg. Fine 
Rlindbeslimmung wird angeselzl. Die Tiler werden gegen gnl 
eingewogene NaCl-Losnng fcstgeslclll [Rappajwrl, Klin. W.scbr. 

1774, 1933; vgl. Rappoport, Mikrocbcinic des Blulc.s). 


Beslinnmiiui des Clilors im Urin 

Reugenzien: I. Ferriammoninmsulfallosuiig. Zu kail ge- • 

siUtigler Ferriammoniumsnlfallosung gibl 
man so viel konzenlrverlc Salpelersimre, 
dass die braunc Farbe versebwindet. 
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II. 

III. 

IV. 


Kalmmrhodanidlosung ( 0 ,in KSCN-L6sun«) 
Sdbermtratldsung (0,in AgNO.-Losimg) ' ’ 

l^.e Losimgen werden gegen cine g«t ein- 
pwogene Menge NaCl aiistitrierf. Geeignele 
Ivonzenlration der NaCl-Losung: 0 5-o c 
NaCl auf 100 ml. . “ ^ 


AmfiihnmQ: Man pipelliert 1 ml Harn in ein 25-nil-Mess. 
kolbchen. Dann selzt man 1 ml 30%ige HNO, + 4 Tropfen 
KMnO^-Losimg zur Enlfarbung von Urinen mil starker Eigen- 
larbe zu. Leichle Erwiinnung, unter Umstanden mit 1 Trop- 
fen Oktylalkohol, um Schaumbildung zu verhindern. Nach der 
Enlfarbung Averden 3 ml 0,ln AgNOs-Losung hinzugefiigt. Ver- 
diinnung mit Aq. dest. auf 25 ml. Von dem Gemisch werden 
in ein Erlenmeyerkoibclien 15 ml abgemessen, mit 1 ml Ferri- 
ammoniumsulfatlosung als Indikator verselzt and mil 0,ln Ka- 
liumrliodanidlosung auf unverbrauchtes Silbersalz bis zur 
sclnvachen Kosafarbung titriert. 


Bestimmiiiig von Kationeii 

Fiir die Mikrobestimmung von Kalium, Natrium, Kalzium, 
Magnesium, Mangan, Eisen und Kupfer hat sich die quantita- 
tive Spektralanalyse in der von Lundegdrdh ausgearbeitelen 
Form als sehr Avertvoll erwiesen. Unter konstanten Versu'chs- 
bedingungen Avird die sich in Avassriger Losung befindende 
Probe in einer Zerslaubungskammer mitfels eines bei 'on- 
stanlem Luftdruck arbeilenden Injektors fein verteilt un 
einem Gasstrom in eine gleichmassig brennende Analysen- 
flamme mitgerissen. Das Licht Avird in einem Qnarzspe’ 
graph zerlegt und die in Betracht kommenden Spe 
zirke auf einem Film photographiert, der 
Avickelt und auch sonst absolut gleichfdrmig beian e 
Der Grad der SchAvarzung Avird mit einer U 

Messzelle und einem mit dieser verbundenen a v. 
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durch die Ausschliigc des LichlKeigers auf einem r.weilen Film 
selbsltiilig rcgislrievl. Hierdurch werden die Scliwiirzungs- 
iniensitiiteu der Speklrallinien der Kationeu des Blules in 
cine Kiirvc umgeforml, welchc mil einer Eichkurve vergliclien 
wcrden kann. Hinsichtlich Einzelhcilen dei* MeUiodik wird 
auf das SpezialschrifUum, in crster Einie auf Lundcudrclliif 
Arbeit: Die quanlilative Spektralanalyse der Elemcnlc, I u. II, 
Jena 1929 bzw. 1934 verwicsen, sowie auf eine Verdffenl- 
liclumg von Norindcr: Spektralanalytischc Untersuclumgen 
liber den Kalionengehall des Blulserums unler besonderer Be- 
riicksichtigung der Scbwangerschafl, Upsala Lakarfbrenings 
Fdrhandlingar, Neuc Folgc 45, 419, 19-10. 


Mclliodcn '/ur KcAonkdrjicrhosliuinuinji 
Ilosliminuiui der Kelonkdrpor im Blul 

Zuin Nachwcis von Kclonkorpern in 0,1 ml Blul isl eine Mc- 
lliode ausgearbeilcl wordcn, der die Farbrcaklion des Azelons 
mil Salizylaldchyd zugrunde liegl (Fabiniji, Cbem. Zbl. II, 302, 
1900). Diese Melbodo slimml in alien wcsenllicben Punklen 
mil der von Krcdnick (Klin. W.scbr. 17, 4.")1, 193S) angcgcbcncn 
iiberein, ^Yelchc damals noch niclil bekannl war. Bei Normal- 
iverten im Blul liefern diese Mikroaualysen au kleineu Blul- 
inengen unsichcre Rcsullalc, alicr beim kelonkbrjicrbildcnden 
Diabetes mil Aubaufung von Kclonkorpern im Blul fiibrl die 
Melliode zu gulen Wcrlen. Die Bcsciligung von Zucker, Aldc- 
byden und anderen die Reaklion stbrenden Subslanzen findel 
dnrcli Ausfallung mil Kupfer-Kalk und nacbfolgender Deslilla- 
lion slalt. 


Bestinimung des Gesamtazelons im Blul 

Man pipeltiert 0,1 ml Blul in cin Zenlrifugenglas, welche.s 1 
ml 10%iges CuSO^ enlhalt. Dem Gemiscli selzl man 1 ml 10- 
%ige Ca(OH)o-Suspension zu. Die Probe wird scharf zenlri- 
fugiert und von der klaren Fliissigkeil 1 ml zur Analyse enl- 



Ahh. 10S. Apparal nach Lindbcrg ziir Deslillation be! Xormaldruek odor 
Vakutim zwccks Mikrobcstimmung von Kelonkorpern und Alkohol. 

nommen sowie in einen 50 ml fassenden Destillationsapparal 
mil Trichler und Hahn eingefiillt, letzteres damit man auch 
wahrend der Arbeit Reagenzien in das Kochkolbchen ein- 
bringen kann (NB. Bei Blulanalysen Normalschliff an alien 
Gefiissen, keine Verbindungssliicke aus Gummi!) In das De- 
slillationskolbchen werden durch den Trichter 5 ml 10%ige 
Scbwefelsanre und 5 ml Wasser gegossen. 

Die auf 6 ml graduierte Vorlage ist vorher init 2 ml 10, 5n 
NaOII und 1 ml 20vol-%igen Salicylaldehyds in 95 %igem 
Alkohol (20 ml Salicylaldehyd, 95%iger Alkohol ad 100 ml) 
])eschickt worden. Die Destination wird so lahge fortgeselzt, 
bis das Gesaratvolumen des Destillats 6 ml betragt. Die Vorlage 
soli eisgekiililt sein. Nach Beendigung der Destination wir 
das Destillat im Wasserbad oder Thermostaten bei 50° 70 Mi- 
jiuten lang erwiirmt. Die Rotfiirbung wird dann im tu en 
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photometer mit dem Reagens als Vergleichslosung abgelesen 
(Schichtdicke 1 cm, Filter S 50) . 

Bei dieser Destination erhiilt man Azelon und Diazetsaure. 


Bestimmiing dcr /?-OxyInittersaure ini Blut 

Soil aucli die /9-Oxybuttersaure bestimmt werden, dann ■\vird 
die Vorlage gegen eine neue, ebenfalls mit 2 ml 10,6 NaOH 
und 1 ml 20vol.-%iger Salicylaldehyd beschickte ausgewech- 
selt. Durch den Tricliter des Destdllationsapparats warden jetzt 
3 ml Wasser und 10 ml Ifoige Kaliumbichromatlosung zuge- 
setzt. Man destilliert wie zuvor so lange, bis das Gesamtvolu- 
men des Destillats 6 ml betragt, dann wird die DestiUation ab- 
gebroclien. Das Destillat wird 70 Minuten lang auf 50° er- 
wannt und in der oben angegebenen Weise pliotometrisch 
untersucbt. 

Um eine Eichkurve zu erbalten setzt man Proben mit reinen 
Losungen von bekannter Konzentration unter gleichartigen Be- 
dingungen an. Die Ausbeute von Azeton aus /5-Oxybuttersaure 
betragt nur etwas iiber 50 %; ist aber bei Beachtung der gege- 
benen Vorschriften konsfant {Lovgren, Lindberg, nicht ver- 
offentlicht. Vgl. auch Wretlind, Acta physiol. Scand. 3, S. 329, 
1941/42). 


Bestimmung dcr Ketonkorper im Urin 

Bei der Bestimmung des Gesamlazetons und der /9-Oxybutter- 
siiure im Urin wurde die Lublinsche Mikromethode (Klin. 
Wschr. 1, 894, 1922) angewendet, welcihe sich auf das Jodbin- 
dungsvermogen des Azetons in alkalischer Losung unter Bil- 
dung von Jodoform griindet. Wenn Ketonkorper im Harn 
auftreten, liberndegen sie mengenmassig so stark, dass andere 
jodbindende Substanzen die Reaktion nicht in nennenswertem 
tirade storen, weshalb die MeUiode fiir Urin brauohbar ist. 
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Bestimmung des Gcsamtazetons und der /?-Oxyl)iittcrsaurc 

im Urin 


Man fiillt 0,5 ml Urin — bei hochgradiger Kelonurie 0,25 ml 
in ein 50-ml-Destillationskolbclien und verdiinnl mit 25 ml 
Wasser, worauf 1 ml iO%ige Essigsaure ziigesetzt ^Yird. In der 
Vorlage werden 5 ml 5ii NaOH mit 10 ml 0,0iii Jodlosung gc- 
misdit. Der Destillationsapparat soli so konstruiert sein, dass 
die kondensierten Dampfe unter der Oberflache der alkalisdien 
Jodlosung einfliessen (Abb. 109). Nach 10 Minuten langer 
Destination wird- die Vorlage gegen eine neue ausgewecliscll. 
welclie 5 ml 5n NaOH und 15 ml 0,0ln Jodlosung enlhiill. In 
den mit einem Hahn versehenen Trichler des Deslillations- 
kolbchens giesst man 25 ml 0,4n Bichromatsclnvefelsaurc (1050 
ml konzentrierle H-SOji + 3950 ml H;0 + 102 g K.CriOr). 
welche man nach dem Wechseln der l^orlage tropfenwcise 
in das Kolbchen fliessen llisst. Dabei wird die f Oxybidicr- 
sanre zu Azeton oxydiert. Die Destination wird nach wcilcren 
15 Minuten abgebrocben. 
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Z« dem InlifiU der Vorlage gibl man 5 ml 5n MCI bis zu 
siiurer Reaklion, wobei Jodoform nnsfiilll und die Ldsung 
durcli den Jodiibcrsclniss braun wird. Dieser Dbersclniss %vird 
niit OjOln Nalriumlhiosulfal bis fast zur Fnrl)losigkeit lilriorl 
und daim 1 ml l%ige Sliirkeldsung als Indikalor ziigcsetzl. 
Die Tilrierung wird fortgesclzf, bis die blaue Farbe ganz ver- 
sdnvunden ist. Glciclizeilig werden enlsprccliendc Blindbe- 
slimmungcn olme Urin vorgenommen. Die vcrbvancbtc Jod- 
inengc wird ans der Differenz zwiscben den Iclzleren und den 
Proben bcrcchnct. 

1 ml verbrauchle 0,0ln Jodlosung enlsprichl 0,09P7 mg A/.e- 
lon und 0,2") mg /?-Oxybullersaure. Von der /?-OxYbuUersaurc 
findol man mil dieser Melhodc chva 80 /o winder. 


Sonstige Bestiiiumingsinctlioden 

Ilcstimmuncj des Alkoliol.s iin IHul 

Das Wesen der Melhodc isl die Bindimg sloiendcr Sul)stan- 
zen an Nalriumwolframal und Qucclcsilborsulfnl, imler Um- 
standen bei ciner zweilen Dcslillalion an Kalziuniln'dral, .so 
dass man den Alhylalkohol allein im Dcslillat erhiilt. Dann 
D.xydation mil alkalischem Permanganal bei 100° und jodo- 
metrisclic Bestimmung des nichl vcrbrauclilen Pcnnanganals 
iFriedemoun-KIaas, Journ. of Biol, Cliom. 115, 47, 1036). 

Feagenzien I, Redeslillierlcs mil Permanganal oxydicrlcs 
Wasscr. 

M. 10% Na.WO^-Losung. 

in. 100 g HgSO^ auf 1000 ml 2n 11, SO^. 

IV. Ca (OH)i-Suspension (100 g cbeinisch rcinos 
CaO werdeii mil mogliclisl wenig Wasscr gc- 
loschl, worauf 1000 ml Aq. desl. zugesctzl 
werden) . 

V. 5n NaOII-L6.snng. 

VI. 0,2n KMnO^-Losung (man kochl 33 g pro 
Liler 5- -6 Slunden im Wasserbad und fil- 


29 
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VII. 

VIII. 

IX. 

X. 


tnerl mittels WassersirahJluftpumpe durch 
em Asbestmter. NB. Die erste PorL 
weggegossen! Von dieser Stammlosnng wer 
den vor der Verwendung 100 ml auf looo 
ml verdimnt, was einer 0,02n Losung cni 
spricht. 
lOn H.SO4. 


Jodkaliiim pro analysi in Subslanz. 
Starkelosung. 

NaoSaOa in 0,02n Losung. 


Ausfiihrung: Man mischt 0,2 ml Blut, 60 ml Aq. desl,, 5 ml 
10%ige NaoWOrLosnng, 5 ml HgSO^-Losung sowie eine kloi- 
nere Menge Talk in einem 300 ml fassenden Destilialionskolb- 
chen. 30 bis 35 ml werden langsam im Laufe von 15-20 Mi- 
imten uberdestilliert. AJs Vorlage findet am besien ein 100- 
ml-Kolbclien mit Nonnalscliliff Verwendung (NB. Keine Gum- 
miverbindungsstiicke!) Das erste Destillat wird auf ein Ge- 
samlvolumen von. 100 ml verdiinnt. Hierzu gibt man zur Urn- 
destination 5 ml HgS04-L6sung -j- 5 ml Ca(OH)2-Suspension 
(bis zu starker Orangefarbung) -f eine kleine Menge Talk. 
30 — 35 ml werden nochmals langsam uberdestilliert. Das 
zweite Destillat wird auf 50 ml verdiinnt. 

Oxydation; In einem 150 ml fassenden Erlenmeyerkolbchen 
mit einem lOO-ml-Becherglas als Haube mischt man: 


10 ml von dem verdiinnten Destillat (aliquoter Teil), 

15 » Aq. redestillata, 

10 » 5n NaOH, 

25 » 0,02n KMnO^-Losung (unter standigem UmsctuU- 
teln zugesetzt). 

Sa. 60 nd. NB. Konslanles Gesamtvolumen wichtig! 

Die Probe wird dm kochenden Wasserbad 20 ^ 

warmt und dann in fliessendera kaltem Wasser 
bald die Probe abgekiihlt ist, werden 
10 ml lOn HoSOi und 
ca. 0,2 g KJ in Substanz 
zugesetzt. 
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Nacli etwji einer Minnie wcilerer Al)kulilung wird das fieie 
.Tod mil 0,02n Na,S,0., anslitricrl. Wenn die Ldsung gclblich 
ist, gibl man Slarkelosung als Endindikalor zu. 

Gleiclizeilig mil der Prolie wird slels cine ITlindbeslimmung 
angeselzt. 

berechnimg: a ml Tbiosulfallosung bei der Hlindbeslimmung 

vcrlirancbl 

I) , ? ? ? ProI)e j 

c V 3 Aquivalenl fiir KMn 04 . 

Permanganalverbraueh = a — b — c. 

1 ml 0,02n KMnO,-Ldsung culspriclil 0.0855 mg G.lIr.Oll 
= 0,00180 Millimol. Hei dor Besfiniiming reincn Alkoliols isl 
die Ausbeule rund 08,0 . 

Be-sliiiiinniuj dcs Alkoliols ini Urin 

Dieselbe Melhode kanu auch fiir Urin angewendel wcrden, 
wobei 1 bis 2 ml Uarii wie vorslehcnd Jjescliriebcn vcrarbeilel 
werden. Hier muss indessen nach der ersicn Deslillalion auch 
eine zweile mil Quecksilberkalk eingcschallcl werden, inn die 
lelzlen Resle von sldrcnden Subslanzen zu beseiligen. Zur 
Umdcstillalion nimml man das ersle Deslillat und fiilll mil 
Aq. desk I)is zu einem Gesamlvolumen von 100 ml auf. Hicrzu 
selzl man: 

5 ml IIgSO<-I.^bsung -p •*> nil Ca(Ori);-Suspension (bis zu 
slacker Orangefarbung), ausscrdem cine kleinere Menge 'I’alk. 

Man lasst 35 — 40 ml iiberdestillieren und verdiinnl auf 50 
ml. Es folgl dann die Oxydalion in dcrselben Weise wie bei 
der Alkoholbeslimnuing iin Blul. 

Bcslimnninri des Nikofiii.sHiirenmids iin Urin 


D.as Prinzip des Verfabrens isl cine Farliroaklion bei der 
Sprengung des Pyridinrings mil Bromzyan bei Anwesenbcil 
cines aromaliscben Amins (Konig, J. pracl. Ghem. 0.9, 105, 
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nengenzien I. 

II. 

III. 

IV. 


Nikolinsaureamid pro i„ s„bs,»„r 

zur Bereitung emer Standardlosung (20 me 
auf 100 ml H,0). mg 

Phosphatpuffer (850 ml prima^s, 150 ml 
sekundares Phosphat, pH 6 , 1 ). 

Gesattigle Bromzyanlosung. Taglich in fiir 
die Analysen des Tages erforderlicherMenge 
frisch zu bereiten (20 ml gesiittigt Br~Aq. 
dest. KCN in Substanz bis Entfarbung). 
Gesattigle Anilinlosung, aus im Vakuum 
frisch deslillierlem Anilin hergestellt (15 ml 
aiif 400 ml Aq. dest.). 


Aiisfuhrung: 25 ml Harn werden dutch feinporige Schleich- 
sche Filter in zwei 50-ml-Erlenmeyerk61bchen filtriert. Mil 
jeder Urinprobe werden zwei Bestimmungen angesetzt, die eine 
mit Anilin (I), die andere ohne Anilin (II) als Blindversiicli. 


I. 10 ml filtrierter Urin 
10 ml Phosphatpuffer 
4 ml Bromzyan 
4 ml Anilinlosung. 

II. 10 ml filtrierter Urin 
10- ml Phosphatpuffer 
4 ml Bromzyan 
4 ml HoO. 


Probe I und II lasst man nach Zusatz von Anilin bz'v. Was- 
ser fiinf Minuten lang stehen, worauf die gelbe Farbeim Si'i- 
fcnpliotometer abgelesen wird (Schichtdicke 2 cm, Filter 
Da sich die Farbung mit der Zeit iindert und die optima e 
Farbreaktion nach 5 Minuten eintritt, urn spater abzune men, 
ist es wichtig, dass die Ablesung genau 5 Minuten naci 
Zusatz des Anilins vorgenomraen wird. Man darf dalie J 
mal nur eine Probe ansetzen und ablesen. 

Auch verschiedene Bromzyanlosungen Mjj-otin- 

selbe Farbintensitat und damit verschiedene M erte 
saureamid. Man kann infolgedessen nicht jUglicli 

selbe Eichkurve verwenden, sondern muss ei 


neukouslruicven. Gleichzcilig mil der Pyridinbcsliminung ini 
Urin sind dahcr liiglich noch 3 Probcn an einer Losung mil 
bekannlem NikolinsaurcamidgchaU (111) sowic cine Nnllprobc 
anzusel7.cn. 

III. 3 ml NikoUnsilurcamidslandardldsung 
5 ml Wasscr 

10 ml Phospbalpuffer 
4 ml Bromzyan 
4 ml Anilinlosung. 

IV. 10 ml Wasscr 

10 ml Phospbalpuffer 
4 ml Bromzyan 
4 ml Anilin. 

Probe III und IV ^Yorden Yvic die Urinprobcn nach gcnau 
a Minulen abgcloscn. 



licrcclmuiuj nach T hot L d v <i r c n': 'I’ragl nnm den loga- 
lilhmischen Werl fiir die Nnllprobc und die Millehverlc von 
3 Ablesungen fiir Probe 111 als Ordinalc in cinem Koordina- 
tensyslem ein, bei dem die Abszisse die Nikolinsiuireamid- 
inenge in mg% angibt, so lassl sich beweiscn, dass diese Punk- 
tc auf einer geraden Linie liegcn. Dio Kurve der Logarilh- 
* nichl vcroffenllicht. 
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men daher mil der x- und y-Aclise ein Dreieck. Jedcr 

Ablesllngs^Yel•l bei samlUcbcu mil derselbeii Bromzyanlosung 
unlersucblen Urinproben muss folgbob aid dieser Geradcn 
lic-en Zicht man die Eicbkurve taglicli durch die sicii bei 
Probe HI und IV ergebenden Werte, so erbiill man dahermg/o 
EikolinsaureamW als Unterschied zwiscben der Abszisse fur 
Urinnrolie mil Aiiilin (Ua) und der Abszisse fur die Unn- 
probe oLe Anilin (U) bei der angeivandten Bromzyanlosung. 


Ua=nig% eamid im Hrm ^ 

U - » II 5 nil Slandardlosung mil Anilin. 

ul, I lo’g AWcsungswevl cu,spvecl>c„cl Ua. 

Ul = » '' » ' S5. 

S51 = » » Blindbeslimmung. 

s. 7* r“”‘ 

m-uai., „n = s5-5iri:s5i- 

Bl-Ul 
Bl— S51' 

(Bl — Ual — B1 + U1) = 



Nikotinsaureamid im Hri 



-bal) 


, . RrcnitrauDans-aura im Bl"' 

Bcstimmiing «1« 

is der Brenlitraubensaure dm" 

..fixation von BSvgren. B,c„z. 

,ode in der Mo TaUache !>»'• 

■r Methodo liegl d ,,„,arazin ein Hj 

bensaure mit D-f 7^,er'en Hyd-aone 

CO.-L6sung loshch ml. " 
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bcnsaurc leiclil von den meislcn anderen hydrazonbiklcndcn 
Subslanzen unlerscliciden. 

Aiisfuhnmg: Man vcrselzl 0,2 ml Blul in cinem Zenlrifugen- 
glas mil 1 ml 10%i{>e Trichloressigsaiirc. Nach 10 Minuton 
wild die Probe sebarf zenlrifni'ierl. Die klare Losung wird 
in cin Rcagcnsglas abgegosscn. Dcr Bodensalz wird mil 1 ml 
affige Tricbloressigsaurclosung anfgesclnvcmml, einige Mi- 
nuten slebengelassen imd dann wicdcrum sebarf zcnlrifugieii. 
Die iibersielicnde Fliissigkeit wird zu dem crslen Dckanfal bin- 
ziigcfugl.' Der Bodensalz wird weggeworfen. 

Zu dem gcsammelten Dekanlal gibl man 1 ml 0.l9^igos 
2,4-Dinilroj)Iienylbydrazin, in 2n IICI gclosl. Das Geniiscb 
wird mindcsiens 10 Minulcn bei Zimmcriemperalur slebcnge- 
lassen. Dann sclzl man 2 ml Atbylazclal zn nnd .scbiillcll nm, 
woranf man warlcl, bis sicb das Gemiseb abgeselzl baf. Die 
obcrc Albylazclalscbicbt cnlbiill llydrazonc imd iinveriindcr- 
Ics Hydrazin. Man saugl sic vorsicblig mil ciner Pipelle ab 
(NB. Arbeitcn mil Spiegel!) nnd fiibrl sic in cin frisebes Bca- 
gcnsglas liber. Die zuruckbleihcndc nnlerc Scbicbl wird mil 
1 ml Atbylazclal ausgescbiiUclt, dann warlcl man wiedcr, bis 
sic sicb abgeselzl hat und fiigl das Alhylazclal zu dem crslen 
Exlrakt binzu. Die Wasebprozedur wird nocb cin Mid wicdcr- 
bolt. 

Dcin gcsammcllen Albylazetalcxlrakl (ca. 4 ml) werden 2 
ml 10%ige Na.CO, -Losung zugeselzl, dann miscbl man gul 
durcb und liissl das Gemiseb wcnigslcns 3 Minulcn slebcn. 
Wenn die Abselzung vollsliindig isl, fiibrl man die Sodasebiebt 
in cin reincs Rcagcnsglas iiber. Die Exlraklion wird zweimid 
wiederboR, jedes Mai mil 2 ml Sodalosung. 

Der gesammellc Sodaexlrakt {6 ml) cnlbiill diis Dinilrojibe- 
aylhydrazon dcr Brenzlraubensiiurc. Die Sodalosung wird 
bcim letzlen Mai mil 1 ml Albylazelat ausgcscbiillelt. Der 
zuriickbleibendc klare Sodaexlrakt, welcbcr gelbgefarbl sein 
kann Oder nicht, je nacb der Mcngc des vcrbrauebleu Dinitro- 
phenylbydrazins, wird quantilaliv in cin neues Reagenzglas 
iibergefiibrl, welches 4,0 ml n NaOH cnlbiUt. Dabei enlslebl 
aus dem Dinilropbenylbydrazon dcr Brenzlraubensiiurc ein 
stabiler rotor Farbstoff, dessen Konzenlralion nacb 10 Minn- 
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fen im Slufenphotometer abffelesen 

r-ilter S 53). ^ ^ (Schichtdicke- 1 cm, 

AIs Vergleiclisflussigkeit .wird eine Brenztraubpn^,,. t- 

Konzenlrafion verwendel. Da sich dicte™- 
Daubansaure m remer Form leioht veranderl, wbei Aldeh* 
^selone und Kondensationsprodukte verschiedener Art entste- 


lieJUI 

A akuumdestillation ist deshalb nicht angangig, well sich die 
Brenztraubensaure dabei in ein dickfliissiges Ol verwandelt. 

Lovgren liat fiir die Darstellung reiner Brenzlraiibeiisaure 
zu Vergleiclisldsungcn folgende Metliode ausgearbeitet: 

12 ml Brenztraubensaure (Handelsqualitat pro analysi) 
werden mil 5 ml H;0 verselzt und abgekublt. Dabei losen sich 
Aldehyde und Ketone im Wasser, Das Geniisch wrd mil NaCI- 
Kaltcmischung auf — 19° liefgekuhlt, Man erhalt eine kri- 
stallinische, aus Eis und Brenztraubensaure bestehende Masse. 
Diese wird in einen Biichnerschen Trichter gebraclit, mittels 
einer Wasserslrahlluftpumpc durchgesaugt und rascb in Eis- 
wasser gewaschen. Es bleibt ein Riickstand von feinen, weissen 
Kristallnadeln iibrig, welche ohne Zeitverlust in einem Bcchcr- 
glas gesammelt und mil 50 ml HsO versetzt werden. Dcr 
Brenztraubensauregehalt dieser StammJdsung ist nicht bekannt. 
Man nimmt daher von derselben 5 ml, welche in einem Mess- 
kolbchen zur Feslslellung des Titers nach Ripper mit M\m- 
metabisulfit und Jod auf 100 ml mit Wasser verdunnt werden. 
Einem mol COOH • CO • CH, entspricht 1 mol KHSO.. ^ 

10 ml 0,4^ige Kaliummelabisulfitlosung werden nu 
verdunnte Stammlosung gemischt und 
hengelassen. Dami wird das unverbrauchte ^ . „„n 

Jodlosung ausHlricrt, Gleicirzcitig 

mit 10 ml Kaliummetabisulfillosung + - n • ^ 5 

men. Aus der Differenz ergibt sich *<; 

menge. Molarer Brenztraubensauregehalt der 

Different X Jodtiter 


4 
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Mil der Stammlosung wird dann cine Eichkurvc zur Bc- 
rechnung nicht l}ckannter Brcnzlraiibensauremcngen ermitlelt. 


Bcslimmung dps Brcnzlraiibcnsare im Urin 

Man vcrselzt 3 ml Urin in eincm Hcagcnsgfas (a) mil 2 ml 
2,4-DinilrophenyIhydrazin und cxtrahiorl mil 3 ml AUiylazc- 
lal. Das Gcmisch, welches Iriibc wird, lasst man 10 Minulcn 
slehcn und fillrierl dasselbc dann in ein ander&s Reagcnsglas 
(b). Reagensglas a wird noch zweimal mil Alhylazclal aus- 
gespull, welches dutch das Filler geschickl wird. Im Reagens- 
glas b befindel sich einnial cine unlere, gelbgcfarblc Ham- 
schicht, die Farbsloffe usw. enlhalf, sodann ca. 9 ml Athylazc- 
lalexlrakl mil den gcbildelen Dinilrophcnylhydrazonen. Der 
Athylazetalexlrakl wird in ein frisches Reagcnsglas iiberge- 
fuhrl und die zuriickblcibcnde Urimnengc nocli cinmal mil 3 
ml Alhylazetat exlrahierl; aucli dieser Exlrakt kommt zu dem 
andcren. Nach jeder Exlraklion muss die Probe fillrierl war- 
den. 

Der Athylazclalcxlrakl wird dann mil Sodalosung versctzl 
und sonsl wie bei der Brcnzlraubensrmrebeslimmung im Blul 
weilers'crarbeilet. 

Bestimmung der Zitronensaure im Urin 

Das Prinzip der Melhode isl die Bildung von Penlabromaze- 
lou bei Oxydation der Zilroncnsaurc in saurcr Losung bei An- 
wesenheil von Brom. Bei Bchandlung mil Nalriumsulfid in 
Petrolatherlosung ensleht eine orangefarbene Subslanz, welchc 
znr kolorimelrischen Beslimmung (vgl. S. 134) verwcndcl war- 
den kann (Pitcher, Sherman und Vickery, J. Biol. Chem. 113 
235, 1936). 

Ausfuhrunij: Man verdunnl 1 ml Urin in einem IbO-ml- 
Becherglas mil 74 ml Wasser und 3 ml 50%ige Schwefelsaure. 
Das Gemisch Isisst man uber einem Bunsenbrenner kochen, 
,.,bis das Vol^en elwa 40 ml belragt. Nach Abkiihlung werden 
3 ml gesatligte Bromlosung zugesclzt und die Probe 10 Minu- 
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ieii stuhengelassen, daiiu wird sie in einon i • 

100 ml ubcrgcfiihrt. In dicscn gibl man 2 "1" '™' 

sowm 10 ml I,5„ KMnO,. Nach 10 Minnlen I! r ", 
mil 3%,gmn AVasscrstoffsupcroxyd enlfarbt. Dana wit™ die 
Vobe m.l 10 ml Pelrolalher axlrahierl. G„, nil?* 
Man wartet, bis Alher und Wasserschicbt dcutlicl, »etren„l 
loif’ ''“■'Wlang ia nia 

,n ' AU'ar wird noch einmal mil 5 bis 

W ml asser durchgeschullelt, und das Wasser zu der ande- 
icu wassrigen Losung gegeben. Der Atlier wird abgelassen. 
Daiiii wird die wassrige Losung in den Scheidelrichler zuriick- 
i^egossen und in derselben Weise nocli zweimal mil 10 ml Pc- 
Irolaflier ausgcschiitlelt. Der gauze Atherextrakt wird zusam- 
mengcgossen und 4 bis 5 Male mit 5—10 ml Wasser durcli- 
geschiittelt. Diese Exlraktion ist sebr ^Yicbtig und muss sorg- 
liiJlig ausgcfiibrl wcrden. 

Nun befindet sich die gesamte Zilronensaurc in Form von 
Pcnlabromazcton im Petrolatlier. 

Der Petrolalher wird mil 3 ml frisch bereitete, filtrierle i'fo- 


ige NajS-Losung geschiittelt. Wenn sich das Wasser abgeselzl 
liat, wird dasselbe in ein 10 ml fassendes Messkolbchen abge- 
lassen, welches mit 3 ml Gl 3 'zerin beschickt worden ist. Das- 
selbe Verfahren wird dann mit 2 ml und schliesslich mit 1 ml 
Na;S-Losung wiederholt. Das Messkolbdien wird mm bis zum 
Strich mit Glj^zerin gefiillt. Innerhalb von 30 Minuten nach 
Zusatz von NaoS wird die Farbung im Stufenphotometer ab- 
gelesen (Schichtdicke 1 cm, Filter S 47). 

Zur Berechnung der Menge wird eine Eichkurve konstru- 
icrt, bei der man von bekannten Zitronensauremengen aiisgeli 
(vgl. Blomberg und Porje, Sv. Lak. tidn. 38, 1002, 1941). 


BcsfinimuiKj der C^Saurcn dcs Zitroiicnsanrezyklus im Unn 

Bei Storungen in den oxydativen * f. 

kann das Studium der C.-Sauren des 

schlussgebend sein. Die Aussoheidung j,es{en 

marsaure und a-Ketoglutarsaure kann man dabei ,< 
mit der 'VVarburgschen Methodik verfolgen. 


Cfs. 



llcstininnuui (U*r Ik'nislcin-snuro iin Urin 

Eine hrauchlmre Melhode griimlcl sich auf die Sauersloff- 
atifnalunc bci der Oxvdalion dcr kcrnstoinsauvo 7.\i 1‘uiuar- 
saure uuter \’eriniftlung von Suk/.inodehydrogenaso. Aiis dcr 
\erbraiicldcn Saucrsluffinc'Ugc iasst sich die ^fcngc der Hern- 
sleiiisaurc Jjerechnen. 

Gciuinniin;/ dcr Su/c:inodc/n;(/rof/cn<{sc: Frisches Kindcrlicrz 
wird von Fell und hindegewebe befreil, in Sliickc gescbnilten 
and in einer I’Jeischnuililc gemahlen. Die Masse wird in einem 
grossen ^Yascllbecken mil kailein heilungswasscr gewasebon, 
bis Iclzleres nngefarbl l)leil)l. Fs sind imgcfahr fiinl 
Waschnngen erforderlich, nnd <las Wasc.bwasser muss jedes- 
mal indglichsl resllos enlfcrni werden. Der ausgcwaschene 
Fleiscblirei wird ausgedriickl und mil feinslem Seesand in 
cincni Mnrser zu einer Paste zerrieben. Diese wird millels 
einer llandpresse ausgepressl. Die I'liissigkeil wird weggelan. 
Zu der Masse gild man dann elwa 4U0 ml a'^iige (NujllPO, d- 
12 H;0)-Ldsungi mischl gut durch, und liissl das (iemiscb Vi! 
Slunden stehen. 

Bei der dann folgenden Durohseibung und Pressung der 
Masse erbiill man cine Iriibc Fliissigkcil mil bobem Sukzinode- 
bydrogenasegeball. Durcb Zusalz, von 200 — 200 ml Van A/.e- 
ialpuffer wird der pll-Wcrl der Fliissigkcil auf 4 — 0 berab- 
geselzl. Der Nicderschlag wird abzcnlrifngierl, einmal in Aq. 
aest. gowaseben, dann mil Koblcnsaurcscbnce gefrorcu und in 
diesem Znsland im Vakuum gctrockncl. M^eim das gut ge- 
bocknelc Priiparal spalo.r im Vakuum nufbewabrl wird, lu’ill 
ts sich olmc nennenswerlc Aklivilalsoinbussc mebrere Monate. 
Man liebl cs dabei am beslen in einem Tbunbergseben Rdbr- 
cben auf. Vor dem Gebraueb wird das Enzym mil dem zebn- 
facben Vobtmen O.ln Pbospbalpuffcr (pll 7,1) gemisehl. Die 
boinogcne Fimilsion wird in die Scitenampulle eines Warburg- 
schen ^^anomelers pipclUorl, und man liissl sic dann in das 
Heaklionsgcmiscb binabrinnen, wenn sich das Manomeler im 
Wiinneglcichgewicbl befindel. Die Sauersloffaufnabme dcs 
Fnzyinpraparats isl bcdeulungslos {WcU-MaUwrbi', Bioeb. 
-Tourn. 31, 301, 1037). 


E'druklion dcr Bcrnslcinsaurc: 50 ml Harn wcrden mil -n 
11 SO •umasaucrl, in ciucn Kulsdmer-Slveudelsclien Exlrak- 
no ‘'e<msscn mid drei Slunden lang mil friscli de- 
sim or n/rn\er ox.raWer, dor oor *,■ De* 

sliUiciic ,ur,» Nnlriiim aufbewahrt warden war [M. 

.■H,er Vo ilhers l.ei der 

Exl.U,s,onsgoM r ,mU vor dor E.lrakdon oMs 

Deslillalion!). Das b^ici . . drei Slunden 

Wassors,™ld.«nvumpo 

lu'findol sich die gos.im Exlraklor 

Kiillien dcs ExIraUlors; gjbt i„ dteen 1 ml 

,i„slre.non, nimml <’j" ^cl.or‘ Artier abdealillierl md. Die 
Na=HPO„ M;orauf '*^3 seta ivicMig. da sonel 

voUstandiBC ,, 5 „ncn. Wenn dor Altar icsllos be- 

,. rosso 1-oWer cnlslclion Komio ^ 

WrtiSl isl. NaOH bis ™ 

avora.if die Probe mil n . phos- 

nind 7,0 neiilrabsiort «.rd. Uo 



eh Kulschncr-Slreudcl z«r 

, Hi nacl 

Abb. 


;Uhcrcxlr«’^^'°’' 
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phatpuffer (pH 7,4) verdiinnt und ein aliquoler Teil zur Ana- 
Ij'se entnommen. 

Manometcrbestimmimg: Man verwendet bei deni Warbiirg- 
schen Manometer konische, mit zwei Seitenampiillen und 
einem Mittelgefass versebene Becher. Die Seilenampullen sol- 
Icii je 1 — 1,5 ml Fliissigkeit fassen. 

4 ml des Enzympraparats werden in dem Becher abgemes- 
sen. Eine entsprecbende Extraktmenge (0,5 — 1,5 ml) kommt 
in die Seitenampulle, und in das Mittelgefass gibt man 0,2 ml 
2n NaOH. Zu dem Enzym selzt man ausserdem aus der an- 
deren SeitenampuUe 0,3 ml Brillianl-Kresjdblau als Wasser- 
stoffakzeptor. 

Einem mg Bernsteinsaure entspriclit ein Sauerstoffverbrauch 
von 95,1 cmm (Krebs, Biocb. Journ. 31, 2097, 19B7). 


Bestimmung der Fumarsliurc im Urin 

Das Prinzip der Melhode ist die Reduklion der Fumarsaurc 
zu Bernsteinsaure und Bestimmung der letzteren. 

20 ml Harn werden mit 1 g metallisches Zink, 4,C ml lOn 
Phospborsaure und 0,5 ml 20%ige (CuSOj + 5 H20)-Losung 
vorsetzt. Nach 60 Minuten ist die Fumarsaure in Bernstein- 
saure iibergegangen; die letztere wird mit Ather extrabiert und 
in der oben angegebenen Weise im Warburgscben Manometer 
beslimml (Krebs, Bioch. Journ. 34, 1041, 1940). 


Bestimmung der a-Ketoglutarsanre im Urin 

Dem Verfahren liegt der Umstand zugrunde, dass a-Keto- 
glutarsaure bei der Oxydation in Bernsteinsaure umgeivandelt 
'vird und sicli als diese bestimmen liisst. 

Man mischt 10 ml Urin mit 2 ml l%ige' 2,4-Dinitropbenyl- 
hydrazinlosung in 10%iger H.SO^. Bei starker Azidose wird 
rnebr Phenylhydrazinlosung zugesetzt. Eine Gelbfarbung der 
Losung nach der ersten Ausschiitfelung ist das Zeichen eines 
Uberscliusses an 2,4-Dinitrophenylhydrazin. Vor der Extrak- 
tion lasst man das Gemisch 30 Minuten steben, dann wird es 



^"•oinial inif o ml Athw- aus^cschiitioii n v 
Kwliinslel. dor J!„de„«,|* i” -4 L " 
scl.wemmi, in cine, ei,va 20 ,J f, ' ”"'S" 

i>n,clil mid mil iin%mr H SO Se- 

■»' 2rciR« km„o;.„ n^d fes, rGtisri5lr‘ T" 

.;n« .slelmn. Wenn die R,rl,e vc.s=l.ivi„del, ffl», 

nT vf'°‘ "' *’''“1,""’^ Sic L6 »j 
\l n .i V-fi ' *' ^ "'ird f'cmessen tmd (las 
• n : )filfrjerl. Die in Bern.sleinsiiiire umgewandelle a-Keto- 

?.}ii nrsmiro hofimicl sich in tier Losiing. Sie wird cxtrahierl 
mid wio ohfii Jio.slimnil Bioch. Joiirn. 32, 108, imj 


Jinstimmutuf dcr Bcrnslcinsiinrc ini Blul 

Lino om{)findlicIiere und fiir Blul anwcndbarc Methode znr 
Ucni.slein.srmreljcslinuming liaf Snen Forssmon ausgearbeilef 
(Ada physiol, scand. Suppl. V, 1941), Audi bei diesem Ver- 
falircii i.sl das Prinzip die Ox3’daIion dcr Bernsleinsiiure zii 
I'ninnrsaurc. Stall ciiier dirckten Messung des Sauersloffver- 
hrauchs wird liier Fcrrizj'anid als Wasserstoffakzeptor ver* 
wendel. Bei der Oxydalion enlslchen dabei aus jedem Molekiil 
deiiydrierlc Bernsleinsaure 2 Molekiile Ferrozyanid, welches 
(hireh 'rilrierung mil Ccriumsulfal rail einem geeigneten Indi- 
kalor gemessen werden kann. 

Um die \\''asserslofful)erlragung von der Bernsleinsaure zii 
dem I'errizyanidsyslem zu erleichlern, wird ein Zwischenglied 
mil einem Wassersloffakzeptor cingesdiallct, desseir Redoxpo- 

leiitial zwischen dem des Ferrizyanidsystems und dem^dcs 

Benisleinsauresyslems licgl. Am beslen eignel sich hierzu - 
Dichlorophenolindophenol. 


n e a g e nzi e n n n d L 6 s ungen. ^ ^ 

Kdliumfcrrizijanidlosimg: 0,0amolare Stammlosimo ^ 
Kaliumferrizyanid (KaJilbaum zur Analyse) "cr 
redesl. auf 200 ml vcrdimnl. ^fprrizva- 

l'cnhmnkl-Farbsloll-Piil!e,-mi<m: 20 ml J,;,. 

nid-SImnmIosnng + JO ml 2,6-DicIiloiophei,oIm P 
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sung 1:2000 werden mil M/15 Sorensen-Pliospliat (pH 7,38) 
auf 100 ml verdiinnl. 

Farblosiing: 0,050 g 2,6-UiclilorophenoIindophenol werden 
in 100 ml Aq. redest. gelost. Die Losung muss 24 Slundcn bei 
Zimmerlemperalur stehengelassen werden, bevor sie fillricrl 
und verwendet wird. Vor Licbt gescbiitzl aufzube^^abrenl 

M/15 Phosphat (pH 7,m): 9,501 g Na,HP04 + 2 HoO (Merck, 
nach Sorensen) und 1,81G g KH«POj (Merck, nacb Sorensen), 
Aq. redest. ad 1 1. 

Mohrsche Losung: 0,02molare Slammlosung. 0,7844 Mohr- 
scbes Salz (Merck, Ferroammonium sulfuricum pro Analysi 
+ f) IDO) + 5 ml 18n Sclnvefelsaurc, mil Aq. redesl. auf 
100 ml verdiinnl. Vor Licbl geschiilzl aufbewahren! O.OOlmo- 
lare Losung; 5 ml Slammlosung + 5 ml 18u Schwefelsiiure 
werden mil Aq. redesl. auf 100 ml verdiinnl. Vor Licbt zu 
schiitzen ! 

Indikalorldsung: 0,10 g Seloglauzin (Setoglauzin salzfrei, I.R. 
Geigy, S.A., Basel) in 100 ml Aq. desk gelcisl. Vor Fillration 
und Verwendung 24 Slundcn slchcnJasscn. 

ISn Scinvefelsdure: 405 ccm konzenlrierlc Schwefelsaure 
(Aciduni sulfuricum 1,81 pro analysi Merck) werden vorsich- 
lig mil 535 ml Aq. redesl. gcmischl. 

Ceriisulfatlosiingcn: Elwa 5 g Ceriisulfal (Merck, Cerium sul- 
furicum oxydatum pro analysi) werden unler Erwarmung in 
400 ml l,8n Schwefelsaure gelost, dann auf Zimmerlemperalur 
abgekiiblt, filtrierl und mil Aq redest. auf 500 ml verdiinnl. 
Der Titer wird mil O,02molarer Mobrscber Slammlosung fest- 
gestellt: 10 ml der letzteren werden in ein Kolbcben pipelliert 
und mil 3 ml 18n Schwefelsaure, 5 Tropfen Indikalor und 20 
ml Wasser verselzl. Dann ward mil der Ceriumslammlosung 
bis zum deullichen Farbumsclilag tilrierl. Der Tiler isl elwa 
0,03 molar. 100 — 200 ml dieser Losung werden zu ungefahr 
0,02molarer Losung verdiinnl. Der Tiler ward in derselben 
Weise wne bei der Slammlosung kontrollierl. 0,001 molarc Lo- 
sung; 5 ml 0,02molare Ceriisulfallosung + 5 ml 18n Schwe- 
felsaure werden mil Aq. redest. auf 100 ml verdiinnl. Diese 
Losung muss frisch bereilet sein. Der Tiler wird mil 0,001- 
molarer Mohrscher Losung bestimmt. Man gibt 'i ccm von 
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t^ieser (mit ausgewogener Pinpffp^ • • 

mischt mit 3 ccm 18n 

Tropfen Indikatorlosung. Darauf xvi ^ 

numlosung aus einer MikroburPfi O.OOimolarer Ce- 

schlagen titriert. deutlichen Um- 

pro2^r,::^i:!7^z'z%X‘ ^ r- 

aesl auf 100 mi verdunnL O.OOImolare Losirng: 6 mi 0 «2 m„. 
iare SiikzinaOosung Act redpst aa inn in- t ’ 
b'iif 1 1 S 1 V R f • f ' ° ^0'“ng ent- 

i^dt 118,1/ Bernsteinsaure pro mJ. Durcli wiederholles Ver- 

oJ, 29,0, 14,8 und 7,4 y pro ml. 

Aktwc Siilczinodehydrogenaselosung: Wie oben aus Rinder- 
lierz Oder Pferdefleisch gewonnen. 


A u s f ii h r u n g. 

Zu 1 ml der Probe werden in einem Zentrifugeiiglas 1 ml 
Ferrizyanid-Farbstoff-Puffer-Losung und 0,5 ml Ezymlosung 
gegeben. Die gleichen Mengen werden der Enzym-Wasser- 
Kontrolle ziigesetzt, stall der. Probe nimmt man bier jedocli 1 
ml Wasser. Es empfiehit sicli, Doppelbestimmungen anzusel- 
zen. Nachdeni die Gemische 1 Stunde bei Zimmerlemperatur 
im Dimkeln slehengelassen worden sind, selzt man 0,5 ml 30- 
%>ige Trichloressigsaure zu. Nadi 10 Minuten wird dicLosung 
7 Minuten lang zentrifugiert {3000 Umdrehungen pro Minule), 
Aus jedem Glase werden (mil ausgewogener Pipette) 2 ml in 
Titrierrolirdien mit flachem Boden abpipettiert. In jedes Rolir- 
chen kommen 3 ml 18n Sdiwefelsaure, 3 ml Wasser und 3 
Tropfen Indikatorlosung. Danir wird mit etwa O.OOimolarer 
Ceriisulfatldsung aus einer Mikrobiirette titriert. Am beslen 
verwendet man hierbei Pressiuft zum Durchmisdien, Das zii 
einer Kapillare ausgezogene Ablaufrohr der Mikrobiirette muss 
im*er den Fliissigkeitspiegel hinab bis nalie an den Boden ne 
beu der Miindung des PrcssJuflrohrs reichen. Unter gutem 
Durchmischen liisst man nun die Ceriisulfallosung angsa 
in das Titrierrohrdien einfliessen, und bei deullicbem 
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iclilagcn wild der Halm dcr llfircUe gc-sclilossen. Im Z^^oifcls- 
fallc imiss man sich davon iiberzeiigcii, dass das Umsclilagcn 
wirklich erfolgl isl, indcm man nacli Alilosung der Hiircllc 
iiocli mehr Cenisnlialldsung zuselzl. 

Der Tiler der Ceriisulfalldsung wird mil 2 ml (),onimolare 
Mohrsclie Losung ermillell, imd zwar mil Zusalz von l>Sn 
Schwcfclsiviire, Wasser und Indikalor wie oben. 


B e r c c Ii n u n g. 

Der Unlcrschicd zwisclicn den fiir die Prolic und fiir die 
Enzym-Wasser-KonlroIIe verbrancblen Mengcn Ccriisulfalld- 
simg gibl den Bernslein-sanregehall dor IVobe an. Jedem Mole- 
kiil dehydrierlc Bernsleinsaure enlsprecben 2 Molekiile Ferro- 
zyanid nnd damil 2 Molekiile Ceriisnlfal. liiinem Wrbraneb 
von 1 ml 0,onimolare Ceriisulfalldsung enlsprecben also O.fi ml 

0,00lmolare Sukzinalldsung Oder — y Bernsleinsaure. Da 

von 3 ml Reaklionsgemisch zum Titriercn 2 ml abpipeUierl 
werden, muss man die Zabl der Millimeler verbraucble Cerii- 
sulfalldsung mil Vs mullipliziercn, um die Bcrnsleinsaurcmenge 
in dem gtinzcn Reaklionsgemisch zu erhallcn. Der gerundene 
Tiler der Ceriisulfalldsung isl ctwn 0,ooi molar. Der Ceriisul- 
falvcrbraucb muss dalier fiir den enispreebenden Verbraueb 
einer genau O.OOlmolaren Ldsung umgcrccbnel werden, was 
durcb Mulliplikalion mil dem Tilcrfaklor 


2 

bei der Tilrierung verbraucble Ceriisulfalldsung 
. gescliiebC 

Werden bei dor Tilerfeslslellnng a ml Ceriisulfalldsung 
(zweckmii.ssig Millclwerl von 3 — Beslimmungen) verbraucbl. 
so isl der scbliessliche Faklor also folgender; 


Mulliplizierl man die Anzabl ml Ceriisulfalldsung, die der 
Snkzinalmcnge dcr Probe enl.spricbl, mil dicsem Faklor, so 
ciluill man das Rcsullal dirckl in y Bernsleinsaure. 

Nacb Alberexlraklion liissl sicb aucb die Bcrnsleinsiiure im 
Ilarn mil dieser Melbode beslimnien. 


O 

o 


0 
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Vorvvort. 


Die menscUiclie Erblichkeitsforschimg hat vor allem von drei 
verschiedenen Seiten Impulse empfangen, so dass man zum Teil 
aus diesem Grunde auf ihrem Gebiete drei verschiedene Forschimgs- 
richtimgen imterscheiden kann. 

Innerhalb der Anthropologie und Rassenforschung ist man allmah- 
lich zu der Notwendigkeit gelangt, Vererbung und Milieu von ein- 
ander abzugrenzen. Nur vererbte Eigenschaften konnen Eassen- 
eigenschaften sein. Fur die Eassenforschung hat es sich darum 
gehandelt, die Ursachen dafur zu ermitteln, warum ein Volk zu 
Wohlstand und hoher Kultur gelangt und warum ein Yolk mitunter 
verfallt und untergeht. Probleme dieser Art haben in Deutschland 
zu der Benennung Eassenbiologie gefuhrt, unter welcher jetzt von 
einigen Seiten nicht nur Untersuchungen liber Menschenrassen zu- 
sammengefasst werden, sondern auch Untersuchungen, deren Ziel 
es ist, Populationen unter Beriicksichtigung der Vererbung und des 
Milieus zu analysieren. Hierbei sind Detailuntersuchxmgen von sehr 
verschiedenem Charakter notwendig und die Bezeichnung Eassen- 
biologie hat allmahlich die menschliche Erbforschung uberhaupt um- 
fasst. Dieser Fachausdruck ist indessen missverstandlich. Es han- 
delt sich nicht darum, zu ermitteln, welche Easse am besten ist. 
Die Fragestellung ist allgemeiner. Es handelt sich darum, zu erfor- 
schen, wie sich die Erbmasse eines Volkes in der einen oder anderen 
Eichtung verandert. Der menschlichen Erblichkeitsforschung wurde 
indessen von der Eassenforschung eine soziale Betrachtungsweise 
und eine grundlegende Fragestellung zugeflihrt. 

Wichtige Impulse wurden auch von der hotanisclien und zoolo- 
gischen Erblichkeitsforschung erhalten. Die Lehre von Mendel wurde 
iiir diese Gebiete sichergestellt und weiter ausgebaut und man hat 
spater damit begonnen, diese auch bei Untersuchungen liber den 
Menschen anzuwenden. Anfanglich beachtete man vor allem seltene 
Eigenschaften. Es ist ja am leichtesten zu zeigen, dass die Gesetze 
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von Mendel to deraitigeEigenschafeDgelten. AllmiHicli W sH 
cr em uWaltigeBdes Bcweismaterial angesanunclt md es be 
atebt jetat kem ^ass, daran za zweifeln, dass die Geseto von Men- 
del auch fe den Mensohen Gflitigkeit besiten. Untersuchnigen 
dicset Art smd deswegen jeteb von geringerer Bedeutung. Seltene 
Eipnsciaften haben ja an und iiir sick mehr KnrioaiKtawert sis 
Interesso flir die AUgemeinheit. Will man weiterkommen, so ist es 
notwendig, erne Voratellung fiber die Bolle an erhalten, «Icledie 
Erbliclilceit beim Auftreten gewolmlicber Eigenscbaften spielt. 

Die Anwendung statistiscber Metboden fiir die Bearbeitung von 
Bevolkerimgsprobleineii bat in einigen Eallen zu Bragen gefubrfc, 
die Vererbung und blilieu betreffen. Die bimetrisch Scbule bat 
lange versucbt, Probleme dieser Art zu losen, obne dabei die spe- 
zielleren Atmabmen zu beriicksicbtigen, welcbe der MendeKsmus mit 
sicb bringt. Albnablicb mtrde aber die mendelistiscbe Betrachtungs- 
Tveise allgemein anerkannt. Von statistiscber und biometriscber 
Seite bat die menscbbcbe Erblicbkeitsforscbung wicbtige Beitrage 
methodiscber Art erbalten und bierduxcb aucb Mittel, welcbe Unter- 
sucbungen iiber die Bescbaffenbeit von Populationen aus Gesicbts- 
punkten der Erblicbkeit ermoglicben. 

AUmablicb ist innerbalb der menscblicben Erbbcbkeitsforscbung 


eine Bicbtung entstanden, welcbe danacb strebt, Fragen iiber die 
Erbbescbaffenbeit von menscliUchen Pcrpulaiionen, ausgehend vom 
Menddismus und unter Anwendung von statisiisch-mathematischen 
Methoden zu losen. Die Untersucbungen, die bisber ausgefiibrt wur 
den, sind aber verbaltnismassig gering an Zahl. Es liegt gegen 
wartig keine Arbeit vor, die auf eine zufnedenstellende Weise eine 
tlbersicbt iiber die grundlegenden tbeoretiscben Fragen gibt. ^ s 
ist beabsicbtigt, in der vorliegenden Arbeit eine solcbe Ubersic 
zu geben; in ibr sollen jedocb aucb neue Beitrage zur Losung 
Probleme veroffentlicbt werden. Da es sicb urn einen ers en 
sucb einer syntbetiscben Darstellung von Erblichkeit^ro eine 
Populationsgesicbtspnnkt aus bandelt, ist es natiirlic^ , ass 
stellung an den Mangeln leidet, die unausweichbcb nut einem 

Versucb verbunden sind. , , 

Verfasser war durcbaus bestrebt, eine Darstellung zu 
aucb von Personen obne matbematiscbe Ausbildung ® , -g. 

kann. In der Absicbt, den Leser albnablicb an le 
metboden zu gewobnen, die bier angewendet wer en, 
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Darstellung besonders im ersten Teil der Arbeit eine sebr elementare 
Form gegeben, die fiir matbematisch trainierte Leser storend imd 
langweilig wirken mag. Dies bindert vielleicbt nicbt, dass andere 
Leser das Bucb moglicberweise scbwer lesbar finden. (In diesem 
Fall kann vieUeicbt die alte Methode empfoblen werden, zuerst das 
letzte Kapitel zu lesen, um das Interesse anzuregen.) Es ist auf 
alle Falle moglicb gewesen, die Darstellung mit Anwendnng von 
elementaren matbematiscben Metboden durcbzufubren. Die Scbwie- 
rigkeiten auf diesem Gebiet liegen librigens nicbt so sebr in den 
matbematiscben Berecbnungen als in der Begriffsbildimg und der 
Problemstellimg. 

Die menscblicbe Erblicbkeitsforscbung bat im grossen und ganzen 
in allzu 'weitem Ausmass die Metboden und Problemstellungen der 
experimentellen Erblicbkeitsforscbung nacbgeabmt, Der Verfasscr 
bofft, dass diese Arbeit zu einer anderen Auffassung und einer auf 
TvesentUcbere Fragen gericbteten Umgestaltimg der menscblicben 
Erblicbkeitsforscbung bis zu cinem gewissen Grad beitragen wird. 

Selbstverstandlicb bestanden besondere Scbuderigkeiten, die Lite- 
ratur, die auf diesem Gebiete vorliegt, zu beriicksicbtigen, imd zwar 
teils auf Grund der Zeitverbaltnisse und teils deswegen, weil Ar- 
beiten uber die bier beriibrten Probleme auf Zeitscbriften von sebr 
verscbiedenem Cbarakter verteilt sind. Die Literaturbinweise, die 
gegeben werden, sind desbalb sicber unvollstandig. 

Uppsala april 1943. 


Gunnar Dahlberg. 




Einleitung. 

Die Problemc, die sich vom Gcsichtspiinlct der Erblichkcit aus fur 
den Menschen ergeben, konnen anf zvrei verscbiedcnc Eragcstcllungcn 
zuriickgefubrt werden; 

1. Man kann sich auf den Standpxmkt der Bevolkening stellen. 
vmd fragen: Was bedeutet cine bestimmte Erbankge, cin besfcimrates 
6en> unter gegebenon Verbal tnissen fiir cine Population und was 
bedeutet es fiir die Zukunft? Solche Fragen bozieben sich auf die 
Precpienz einer Anlage imd dor zugeborigen Eigensebaften gegen- 
wiirtig und in der Zukunft. 

2. Man kann sich auf den Standpunkt dcs cinzclnen Individuums 
stellen und fragen; Wenn cine Person cine bestimmte erblichc Eigen- 
schaft (odcr Abstammutig) hat, welchc erbliche Bcschaffenhcit bc- 
sitzen dann ihre Eltcrn, Kinder odor anderen Verwandten? 

Aus befden Fragestellungcn ergeben sich Problemc von grossorer 
prinzipicller Bedcutung und Fragen, welchc sich auf die Methodik 
der Erblicbkeitsforschung bozieben; es ist sclbstvcrstiindlicb nicht 
immer moglich cine scharfo Grenze zwiseben derartigen Fragen zu 
zieben, 

Es pflegt hervorgehoben zu werden, dnss man beziiglich dos Mcn- 
seben weniger Moglicbkciten bositzt als innerbalb der experimen- 
tellen Erbforsebung, da man keine Kreuzungon ausfiihren kann. 
Dieser Umstand wird bis zu cincm gc\vissen Grade dadurcli aufgc- 
wogen, dass die Eigensebaften dcs IMcnscbcn grundlicbcr erforsebt 
sind als die irgend eincs anderen Organismns. Fcrner wissen wir 
ziemlich vie! iiber Vorgiingc in menscblicbcn Popnlationen. Es ist 
jcdenfalls moglich, eine ganze Rcibc von Problemcn aufzustellen und 
prinzipiell zu loscn. In vielon Fiillcn ist es jedoeb niclit moglich, 
eine definitive Antwort zu erbalten. Unscre Kenntnisse iiber menseb- 
licbe Populationen sind mangolbaft. Durch die Bearbeitung der 
Problemc erbalten wir indessen Hinweise, wo wesentlicbere bliingel 
liegen und bekommen dadurcb aucb Hinweise, die fiir die weitere 
wissenschaftlicbe Arbeit von Bedeutung sind. 
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In der vorliegenden Arbeit soil nur die erste Fragestellung bebandelt 
werden, die, wie im Vorwort angedentet, ans der Bassenforscbung 
stammt. Die Anfgabe bestebt also daxin zu. ennitteln, vmtex ■welcben 
Umstandon ein Volk im Hinblick auf die erblicb bedingten Eigen- 
scbaften cine konstante Bescbaffenbeit besitzt xmd welcbe Prozesse 
Verscbiebungen in der Frequenz erblicber Eigenschaften in der einen 
Oder anderen Ricbtimg bedingen konnen. Bevor -wir solcbe Probleme 
besprecben, ist es abet notwendig dafiir eine Definition zn erhalten, 
was man darunter verstebt, wenn man von erblicli- bzw. milieu- 
bedingten Eigenschaften spricbt. 



Einteilung der Eigenscliaften voin Gesiclitspunkt 
der Vererbung aus. 


Bei Icbenden Organismcn sincl strong genommen nllc Eigenscliaften 
dnich cxbliclic Aniagcn und glcicUzcitig nucli durcli das Jlilicu bcdingt. 
Die erblicbcn Aniagcn in eincm bcfrucbteten Ei miisson eine be- 
stimmte Bcschaffcnbeit Imbcn, damib das Ei sicb wiilirend einer 
liingercn odcr kurzcrcn Zoit cntwickcln kanu. Die Zusammcnsctzung 
der Erbmassc kann abet inncrhalb gcwisser Grcnzcn variicrcn. Ha- 
ben die iVnlagen cine voin Durcbscbnitt der Art zn stark abwcicbcnde 
Zusammcnsctznng, so kann indcsscn das befruchtcte Ei sick niclit 
cntwickcln odcr nur cine kiirzcre Zcit long. Das lililieu kann aucli 
nur inncrhalb gcwisser Grenzcn variicrcn, damit cine Entwicklung 
stattfinden kann. Wcicht das I^lilicu allzn schr von dcm fiir die Art 
normalen ab, so kann keinc Entwicklung stattfinden. Anlago und 
Milieu konnen also inncrhalb der Grenzcn variicrcn, welche der Tod 
zieht. Die Eigenscliaften cines Individuums werden deswegen immer 
sowohl dutch die Anlagc als auch dutch das Milieu bestimmt. Sclbst- 
verstiindlicli ist der Zustand eines Individuums in eincm bestimmten 
gegebenen Augcnblick auch vom Alter des Individuums ablningig. 
Eine bestimmte Eigcnschaft ist deswegen strong genommen immer 
bedingt 1. durch erbliche Eaktoren, 2. dutch Milieufalctorcn und 
3. durch einen Altcrsfaktor. 

Bei der Beurteilung der Eigcnschaften eines Individuums versucht 
man oft den Altersfalctor dadurch zu elirainicren, dass man Indi- 
viduen miteinander vcrglcicht, die gleich alt sind. Bei einer ganzen 
Eeihe von Fragestellimgcn vcrnachUissigt man den Altcrsfaktor. 
Besonders wenn cs sich um Problemc fiber Vererbung und Milieu 
kandelt, pfiegt man in vielen Fallen stillschwcigend den Altcrsfaktor 
zu iibergehen, ein Vorgehen, das selbstverstiindlich bcrcchtigt ist, 
wenn dieser Faktor fiir die cine odcr mehrere spezielle Eigcnschaften, 
um die es sich handclt, ohne Bcdcutung ist, odcr wenn cine Voraus- 
setzung fiir die Erwagungen ein Vergleieh zwischen Individuen eines 
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auert. Man setzt mdessen voraus, dass die Grenzen hierbei derart 
gez gen werden, dass man sich auf der sicteren Seite befindet. Wiib- 
rend dieser Periode kann man in den meisten Fallen mit einem ge- 
wissen Recht annekmen, dass die Bedeutung des Altersfaktors 
genng oder iiberkaupt nickt vorkanden ist. Dies ist jedoch, beson- 
ders wenn es sick urn Ekankkeiten kandelt, kemeswegs immer der 
Fall. Wenn wir es daker im Folgenden bei den tkeoxetiscken Erwa- 
gungen im allgemeinen unterlassen, den Altersfaktor zu beriicksich- 
tigen, so bedeutet dies eine bewusste Sckematisierung. Bei der 
Lbsung eines bestimmten praktiscken Problems muss man sick 
kieran erinnern. Eventuell muss man in einem gegebenen Fall 
durck eine besondere Untersuckung die Bedeutung der Altersfak- 
toren festzustellen versucken. 

Wie bereits vorker kervorgekoben, muss man davon ausgeken, 
dass eine bestimmte Eigensckaft eines Individuums immer sowohl 
durck Milieu- als auck Erbfaktoren bedingt wird. Welcker Gruppe 
von Eaktoren man die grosste Bedeutung zumisst, kangt von ihrer 
Frequenz ab. Man nekme an, dass eine Eigensckaft durck einen 
Erbfaktor und einen Milieufaktor bedingt wird. Ist sowokl der Erb- 
faktor als auck der Milieufaktor bei alien Individuen vorkanden, so 
findet sick die Eigensckaft immer. Sie besitzt dann aus Vererbungs- 
gesicktspunkten kein Interesse, Eigensckaften, die bei alien Men 
scken vorkanden sind, besitzen offensicktlick nur dann Interesse, 
wenn es sick darum kandelt, XJntersckiede zwiscken Menschen un 
nakestekenden Tierarten zu besprecken, sind aber selbstverstand- 
lick okne Bedeutung, wenn das Problem Verschiedenheiten zwiscten 
Menscken betrifft. Ist der Milieufaktor immer vorkanden, der M - 
faktor aber nur bei einem Teil der Population, mckt a er e 
Individuen, so bedeutet dies, dass bei den Individuen, p 
der Erbfaktor feklt, ein anderer Erbfaktor vorkanden isk ^ ^ 

lation zerfallt in zwei Gruppen, zwiscken welcken ein er ^ 
ter Untersckied vorliegt. Ist kingegen der Erbfa ^ or “ 
viduen vorkanden, der Milieufaktor aber nur bei 
Population, so liegt z-wischen zwei Gruppen ^ er Ugyoikerung 
milieubedingter Untersckied vor. Finden sick in erne 
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zfl'ci Erbfaktoren und z^ve^ Milicufaktoren, die verscliiedenc Ver- 
breitung Ivaben, so muss das Auftreten dcr Bigensebaft dadurch 
bedingt werden, dass die Erb- und Milicufaktoren zusammentreffen. 
Es liegt ein Unterschied zwischen zwei Gruppen vor. Dieser Untcr- 
sebied ^vird dadurcb bedingt, dass in cinet Gruppe ein Erb- und 
ein Milicufaktor zusammentreffen, wiilirend in dcr andcren Gruppe 
nur der Erbfalctor odor nur dcr Milicufaktor vorkommen odor keincr 
derselben. In dieson letzteren Fallen fcblt die Eigensebaft. (Selbst- 
verstandlicb ist es aucb moglicb, dass zwiseben dieson letzten drei 
Gruppen Eigcnscbaftsuntcrscbiedc besteben.) Von diesen tbeorc- 
tiseben Ausgangspunkten nus gelangt man also zu folgcnder Gruppie- 
rung. 

Die crs(c Grufpe bestebt aus crblich bedingten Eigcnscliaftcn im 
eigcntUchcn Sinne. Diese Eigensebaften werden durcb das Milieu 
kaum becinflusst. Fiir ibre Existenz ist cine bestimmte Kombination 
von Anlagen crfordcriicb. Findct sicb diese Kombination von An- 
lagen, so ist die Eigensebaft immer bei den Indi\dducn vorbandeii, 
vrie aucb das Milieu vaiiicrt. Weicht die Bescbaffenlieit dcs Milieus 
von der normalcn zu stark ab, so bort sowobl die Existenz dcr Eigen- 
schaft -wie aucb dcs Individuums auf. Die Eigensebaft veist mit 
anderen Worten keinc oder cine gcringc durcb das Milieu bedingte 
Variabilitat auf, odor auf anderc ^Ye^sc misgcdriickt: die noUvendigen 
Milieufaktoren sind immer vorhanden. Da man nun aber in der 
Praxis in dcr Regel nicmals weiss, wie sicb Individuen rait dieser 
Kombination von Anlagen unter der Einwirkimg aller vorstellbaren 
HKIieufaktoren verbalten, ist es indcssen klar, dass cine Bebauptung, 
eine Eigensebaft sci im cigcntliclien Sinne crblieb bedingt, nur 
Ansprucb auf eine gewisso, begrenzte Sicberbeit macben kann. Man 
kann sicb ja vorstellen, dass irgend ein seltcncr, niebt gepriiftcr 
Mlieufaktor die Manifestation dcr Anlagekombination iindern kann. 
Eine Ausserung dariiber, ob cine Eigensebaft im cigontlicben Sinne 
crblieb ist, beziebt sicb also nur auf die gcwobnlicbcrcn, fiir die 
Art »normalen» Milicufaktoren. 

Die zweitc Gruppe bestebt aus Eigensebaften, deren Existenz am 
ehesten dadurch bedingt wird, dass cm odcr mehrere nicht allzu ge- 
wbhilichc Milieufaktoren vorlicgcn. Die Erbaulagen, die vorbandeu 
sein mussen, damit die betreffenden Milioufalrtorcn das Entstoben 
der Eigensebaft bedingen, sind bei so gut wie alien Individuen 
der Art oder Population vorbanden, die man untersuebt. Die in 



Frage kommenden Milieufaktoren treffen nra einen Teil A.r T a- 

sie mit Typkusbazillen angesteckt werden. Wir sagen deswegen, 
dass die Krankheit duicb das Vorkommea des ansteckenden Agens 
be^gt wd Strong genommen ist aber auck kier eine bestimmte 
JtrDbeschaffenkeit eine notwendige Voraussetzung. Hunde sind z B 
fiir^ Typkus unempfanglick. Wird ein Hund mit Typkusbazillen 
infiziert, so erkrankt er nickt. Er besitzt eine andere Erbbeschaffen- 
keit als der Mensck. Bestimmte Erbanlagen sind also auck fiir 
die Existenz dieser milieubedingten Eigensckaften notwendig, da 
aber die Erbanlagen allgemein vorkommen, spielen sie im Einzelfall 
nickt die entsckeidende Eolle. 

Die driitc Griippe umfasst Eigensckaften, die durcJi das Zimmmen- 
treffen von Milieu- und ErhjaHoren bedingt loerden, die keineswegs 
immer bei den Individuen der Population vorkommen. Die Erb- 
faktoren verursacken eine bestimmte Disposition, eine Neigung ge- 
geniiber bostimmten Milieufaktoren auf eine bestimmte Art zu rea- 
gieren. Individuen, welcken diese Disposition feblt, reagieren iiber- 
kaupt nickt oder kaum, wenn sie der Wirkung der speziellen Milieu- 
faktoren ausgesetzt werden; das Vorkandensein oder Feblen dieser 
klilieufaktoren ist fiir diese Individuen ziemkck gleicbgiiltig. Indi- 
viduen mit der durck eine spezielle Erbanlage bedingten Disposition 
reagieren kingegen gegeniiber den speziellen Milieufaktoren auf eine 
abweickende Weise. Wir konnen solcke Eigensckaften als konsiella- 
iionell bedingte ansprecken. 

■ Innerkalb aller Gruppen kann es sick urn Eigensckaften bandeln, 
die bei Gesunden vorkanden sein konnen und keine Einschra ^ g 
der Lebenstiicktigkeit bedingen, femer urn Bigensdiaften, die em 
mekr oder minder stark kerabgesetzte Anpassungs a ig ei 
Eorderungen, welcke das Leben stellt, bewirken. st le 
setzung der Aaipassungsfa.higkeit sekr massig, also S® ’ 
das Individuum nur ausnakmsweise durck die Eigensc a „ 

gelegenkeit erfakrt, so sprecken w j(ranBeit. 

setzung kingegen kookgradiger, so sprecken w 

Es ist im iibrigen auck klar, dass in alien PP 
sckaften entweder akzidenteUerer oder permanentere 
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kormen. Eine erblicke Eigenschaft ist ja vom. Milieu zicmlicli uuab- 
bangig, ist sie also akzidentellerer Natur, so bedeutet dies nur, dass 
sie in einem bestimmten Alter einc kurzcre Zeit vorbanden ist. 
Besonders auffallig ist die akzidentelle Natur der erblicbcn Krank- 
beiten, welcbe innerbalb einer Icuxzen Zeit zirm Tode fiibren. Unter 
milieubedingten Eigenscbaften sind ja viele Beipsiele fiir akziden- 
telle Eigenscbaften vorbanden. Hierber kann cine Anzabl anstecken- 
der Kranldieiten, vde z. B. T)Tpbus, Masern u. a. gcreclinet werden. 
Zu den permanenteren milieubedingten Eigenscbaften konnen einige 
Kranlibeiten, vrie z. B. S3T)lulis, geziiblt werden, ferncr die Immuni- 
tat, die im Anschluss an einige akzideutelle, milieubcdingtc Krank- 
beiten, wie z. B. Masern, auftritt. In dcr Gruppe konstellationeller 
Eigenscbaften ist der Bedarf nacb einer Aufteilung im Hinblick auf 
die Natur der Eigenscbaften, ob sic niimlicb nkzidcntcll Oder 
permanent sind, besonders vorbanden. Zu don akzidentellen 
konstellationellen Eigenscbaften gchorcn eine game Reibc in- 
fektioser Elrankbciten, fur wclcbe die Empfiinglicbkeit in dcr 
menscblicben Population kaum allgemcin vorbanden zu sein scbcint, 
z. B. die Encephalitis letbargica und die Poliomyelitis. Wenn man 
von konstitutionellcn Eigenscbaften spriebt, meint man mitunter 
rein erblicbe, permanentc Eigenscbaften, das anderc Jlal konstella- 
tionelle, permanentc Eigenscbaften und mancbmal will man mit der 
Benennung nur ausdriicken, dass man die Eigenschaft als permanent 
ansiebt, obne eine nabere Aussage zu macben. Dcr Spracbgebraucb ist 
mit anderen Worten sebr unbestimmt und wenn inoglicb sollte man 
den Terminus vermeiden. Einc konstellationclle Eigenschaft von 
permanenterer Natur ist z. B. cine derartige Ejankbeit wie Tuber- 
kulose, die eine bestimmte Disposition, cine bestimmto Erbanlage, 
sowic ein Milieumoment, niimlicb die Tuberkuloseinfektion, vor- 
aussetzt und eine Eigenschaft darstclit, die in vielcn Eiillcn einc 
ziembeb permanentc Natur besitzt. 

Wie aus dem letzten Beispiel ersichtlicb, ist die Grenze zwiseben 
den versebiedenen Gruppen, die wdr aufgcstcllt baben, keineswegs 
sebarf. Ob man eine Eigenschaft als akzidcntell odor permanent 
ansiebt, ist ja bis zu einem gewissen Grade cine Gcscbmackssacbc. 
Perner ist es aucb bis zu einem gewissen Grade eine Gescbmacks- 
sacbe, ob man der Ansiebt sein soli, dass eine bestimmto Kombina- 
tion von Anlagcn so haufig vorkommt, dass ibre Rcalction gegen- 
iiber selteneren Mibeumomenten Eigenscbaften bedingen kann, die 
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neren Mheumoment auf erne andere Weise, so isfc es auch bis zu 
einem ^wissen Grade erne Geschmackssacbe, ob die eine oder die 
andere Eigenscbaft als abnorm bzw. normal angesehen werden soil 
Handelfc es sicb urn MiUeumomente, so kann man selbstverstand- 
lich aucb diskutieren, ob das Milienmoment ausreiebend haufig 
vorkommt, damit das Hauptgewicbt auf das erbHcke Moment ge- 
legt werden kann. Nimmt man an, dass die progressive Paralyse ibre 
Grundlage in einer erbUcb bedingten, spezieUen Eeaktionsweise hat, 
so kann man dock sagen, dass die Erankbeit insoweit milieubedingt 
ist, dass nur die, 'weicbe mit Syphilis infiziert werden, eine Paralyse 
bekommen. In einer Bevolkerung, in welcher die Syphilis sehr ver- 
breitet ist, so dass fast jeder Mensch angesteckt wird, wiirde man 
indessen Anlass haben, die Krankheit als erblich bedingt anzusehen, 
Zusammenfassend soil hervorgehoben werden, dass also bei der 
Klassifizierung von Eigenschaften die Frequenz der Brb- und Mi- 
lieufaktoren, die eine Eolle spielen, eine wesentliche Bedeutung dafur 
besitzt, wie die Eigenscbaft rubriziert wird. Haben sowohl Erb- 
als aucb Milieufaktoren fur die Entstebung einer Eigenscbaft Be- 
deutung und kommen beide Arten von Faktoren in massiger Fre- 
quenz vor, so bezeicbnet man die Eigenscbaft als konstellationell. 
Kommt das Milienmoment sebr baufig vor und ist es bei fast der ge- 
samten Bevolkerung vorbanden, so bezeicbnet man die Eigenscbaft 
als erblicb im eigentlicben Siime. Besitzt bingegen die Erbanlap eine 
sebr bobe Frequenz und die Milieufaktoren weisen eine niedrjge 
Frequenz auf, so ist man der Ansicbt, dass die Eigenscbaft milieu- 
bedingt ist. Kommen sowobl die Erb- als aucb die MilieufaBoren 
in der ganzen Population vor, so baben ja alle Individuen die ig 
schaft und es sind daim keine erbbcben Unterscbiede imier a^ 
Bevolkerung vorbanden; verscbwinden die Erb- und leu a 
so verscbwindet ja aucb die Eigenscbaft aus der Popua 

Das System, das wir aufgestellt baben und die ■jj_ 

gezogen baben, sind offensicbtlicb bis zu einem gewissen 
kiirlicb. (Die bier angewandte Einteilung der Eigensc a 
Gesicbtspunkt der Erblicbkeit und des Mibeus aus wur . 
vor kurzem angegeben (Dahlberg 1939 a) undisU som^^ ^ “dieses 
anerkannt.) Ob das System und die Terminology, 
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System aufgebaut baben, in der Praxis anwendbar sind, ist cine 
Angelegenheit, auf -ft’clcbe die Zulcunft Antwort geben wird. Um die 
Eolle der Erblicblmit sowie die Bedeutung des Milieus klarzulegen, 
ferner um einen differentiierteren Griff um die Problemstellung zu 
erbalten, diirfte das System aber gegenwiirtig seinen Platz be- 
haupten. 


2-43205. O.DaMbcrg. 



Der Rassenbegriff und die Mendelsclien 
Erblichkeitsgesetze. 

Wie im Vorwort hervorgelioben, bat die medizinisclie Erbliclikeits- 
forscbung von der Rassenforscbung Impulse erbalten und von dieser 
Kicbtung eine grundlegende Fragestellung bekommen. Es ist des- 
wegen motiviert zu versucben, den Eassenbegriff vom mendelisiischen 
Gesicbtspunlct aus naber zu analysieren. 

Man wendet die Bezeicbnung Easse auf eine unklare Weise an 
und bespricbt Eassenfragen auf dieselbe Weise, Definiert man den 
Begriff Easse, so pflegt man sicb damit zu begniigen bervorzuheben, 
dass eine Easse eine Gruppe von Individuen ist, die sicb im Hinblick 
auf die erblicb bedingten Eigenscbaften von anderen Gruppen nnter- 
scbeidet. Diese Definition erscbeint vielleicbt auf den ersten Slick 
als klar und eindeutig, sie ist abet in der Wirklicbkeit in vieler Hin- 
sicbt ausserst unbestimmt. 

Der Eassenbegriff ist alter als der Mendelismus und das hat dazu 
gefiibrt, dass bei der Ausbildung des Eassenbegriffes die An- 
scbauungen iiber Erblicbkeit verwendet wurden, die vor Mendel vor- 
banden waren. Diese alteren Anscbauungen waren niemals klar 
definiert. Man setzte aber damit fort, diese kaum durcbdacbten An- 
scbauungen lange nacbdem anzuwenden, als der Mendelismus ane^ 
kannt wurde, aber in gewissem Ausmasse bat man sicb gleichzeitig 
aucb mendelistiscber Vorstellungen bedient. Dies bat es mit sicb 
gebracbt, dass das Wort Easse dazu angewandt wurde, sebr unklare 
und debnbare Begriffe zu umscbliessen. 

Die oben angefubrte Definition muss ibrerseits in drei Hinsic 

naber definiert werden. 

Vor allem muss man Klarbeit dariiber erbalten, was man un e 
einer erhlich bedingten Eigenschaft verstebt. Im Vorberge en 
baben wir diese Frage besprocben und aus der begriffsmassigen Ana- 
lyse, die ausgefiibrt wurde, ergibt sicb, dass man nicbt nur zwi 
erblicb bedingten und milieubedingten Eigenscbaften unterscnei 
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kann. Offensiclitlicli konnen, Iconstcllationclle Eigcnscliaftcn in dem 
Masse, in Tvelcbcm Erbfaktoren cine Eollc fiir solchc Eigcnscliaftcn 
spielcn, Easseneigcnschaftcn scin. 

Diese Seitc dcs Problems besitzt bingegen cine geringcrc Bedcutnng. 
Wiebtiger ist, dass man inncrbalb der Rassonforsebung, wic bereits 
vorber bervorgeboben, von vormcndelscbcn Ansebauungen fiber die 
Natur der Vererbung ansgebt. Handclt cs sicb datum, die Natur 
der Materic zii analysicren, so kann man zwiseben zwei Annabmcn 
vablen. blan kann annebmen, dass die JIatcric aus bomogenen Sub- 
stanzen aufgebaut ist, die vcrscbicdcnc Natur baben konnen und sich 
auf vcrscbicdcnc Weise miteinandcr vermiseben konnen. Inncr- 
balb der Naturwisscnscbaft bat man langc niit cincni solcbcn Bcgriff 
der Materic gearbeitet. Erst als man annabm, dass die Jlateric aus 
kleinen Teilen, Molckiilcn, Atomcn u. s. w. aufgebaut ist, die sicb 
niebt teilen konnen, obnc zerstort zu ivcrdcn, konnte man zu cincr 
tJbereinstimmung zwiseben den experimcntcllen Ergebnissen und 
den tbeoretiseben Ansebauungen gclangen. Handclt cs sicb um die 
Natur der Erbmasse, so hat man zwiseben densclbcn Altcrnativcn 
zu wiiblcn gebabt. Vor JIendel nabra man an, dass die Erbmasse 
cine Substanz ist. Bci den reinen Rassen besass diese Erbsubstanz 
einc bestimmte Bescbaffenlieit und bei Kreuzungen zwiseben ver- 
sebiedenen Rassen entstanden Aliscbrassen auf dicselbc Weise wic 
man durcb Vermisebung versebiedener Mctallc Legieningen von 
versebiedenem Cbaraktcr crbielt. Kxcuzt man cinen Ncgcr mit einera 
Weissen, dfirfte das Ergebnis cine Misebrasse, blulattcn, sein. Kreuzt 
man blulatten, so miissten die Nacbkommen aus dcmselbcn Anlass 
Mulattcn scin, wic man bci dcr Vermisebung von zwei Portionen 
einer Legiening dicselbc Lcgicrung wie vorber erbiilt. Dass die Nacb- 
kommen der Mulattcn variicren, stimmt niebt mit dem fibcrcin, was 
man tbcoretiscb zu erwarten battc. 

Der Mendelismus stcllt deswegen cinen bedcutenden Eortsebritt 
dar, da man jetzt cine tlbercinstimmung zwiseben Tbcoric und 
Empiric crbielt. Mendel nabm, wic bekannt, an, dass die Erbmasse 
aus Ideinen Teilen, Genen, bestebt, die sicb auf versebiedene Weise 
kombinieren konnen. 

Auf dem Gcbicte dcr Rassenforsebung wendet man indessen immer 
nocb in einem gewissen Ausmassc die vormcndclscbc Betraebtungs- 
weise an. Man setzt voraus, dass cs reinc Rassen gegeben bat. blan 
ist der Ansiebt, dass die Rassenbesebaffenbeit bei der Beurteilung 
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mnetsten Wesen naci shd aber MivHueu derseCZ; « 
g cic . Man erortert diese Frage, als ob es sich mn aegenattade m 
bestammten Metdlen bandeln wttrde, die auch eine versehiedl 
BescMenlieit haben konnen und als Kucken- oder Ziergegenstande 
angewandt werden, ibrem innersten Wesen nacb aber dock alsgleiDi 
angeseken werden mussen. Sowokl die Annahme uxsprungkck reiner 
Rassen, wie die Atmakme, dass die Rassenbesckaffenkeit immer von 
fundamentaler Bedeutung ist, sind imricktig. 

Die Individuen mnerkalb emer Basse vatiieien in kokem Grade, 
Zwei Menscken weisen ja niemals vollig denselben Genotypus auf. 
Individuen, die im Hinblick auf ikre Abstammung verschiedenen 
Rassen angekdren, konnen im Brnblick anf die Besckaffenheit ihiei 
Anlagen einandex aknlicker sein als Individuen, die derselben Rasse 
angekoren. Zwei normal begabte Individuen, die verschiedenen 
Mensckenrassen angekoren, sind in entsckeidenden Punkten einander 
aknlicker als eine normal begabte Person und ein erblich hedingter 
Idiot, die derselben Basse angekoren. Zwei Rassen konnen erhlick 
bedingte Unterschiede im Hinblick anf bestimmte Gene aufweisen, 
so dass die Gene bei der einen Basse feklen und kei der anderen 
vorhanden sind. Die Unterschiede konnen ferner einen relativen 
Ckarakter kaben imd dies bedeutet, dass bestimmte Gene eine ver- 


sckiedene Frequenz itmerkalb beider Bassen aufweisen. 

Um Bassenunterscbiede erscbopfeud feststellen zu konnen, miiss- 
ten wir bei jedem Individuum iimerkalb beider Gruppen, die w 
miteinander vergleicben, die Bescbaffenheit der Gene kennen. 
besitzen nur ansseist mangelkafte Kenntnisse und aus diesem Grunde 
mussen die Aussagen, die iiber die Rassenbesckaffenkeit gemachfc 
werden konnen, eine sekr begrenzte Beickweite kaben. Es sin ^ 
dessen okne Zweifel zwiscken den verschiedenen Gruppen von 
viduen deutlicbe Unterschiede votkanden. Wir rniissen fur 
Untersckiede eine Bezeicknung kaben, Es ist deswegen beiec 
von Bassenunterscbieden zu sprecken. Mackt man aber Auss 
so muss man sick standig daxan erinnern, dass man nur etjas 
bestimmte nntersnckte Bigenscbaften bebaupten kann und dass 
auf Grund dessen, was man weiss, keine weiteren Unterschiede 
stmieren darf, von denen man nickts weiss. Es kann unno g 
sckeinen, dies kervorznkeben, Gerade deswegen, weil man 
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mendelsclie Betraclitungsweise anwendet, isfc indessen eine starke Ver- 
suchung vorhanden, iiber das hinauszugehen, was man wirldich weiss. 
Stellt man zwiscken zwei ckemisclien Substanzen einen Unterscbied 
fest, so bat man Anlass zu vermuten, dass mebrere Unterscbiede 
vorliegen werden. Aus diesem Grunde ist man vom vormendel- 
scben Ausgangspunlct aus in Versucbimg, falls man zwiscben 
zwei Gruppen einen Unterscbied festgestellt bat, aucb anzunebmen, 
dass weitere Unterscbiede vorliegen; dies stimuliert zu Spekulationen, 
die zu einer tlberwertung der Bedeutung von Eassenunterscbieden 
fiibren. 

Es ist ferner notwendig zu untersucben, was man imter einer 
Grujype von Individtien verstebt, weim man den Eassenbegriff defi- 
niert. Man ist nicbt obne weiteres der Ansicbt, dass die langen Per- 
sonen eines Volkes einer Rasse angeborcn und die kleinen einer ande- 
ren, trotzdem man sagen kann, dass beide Artcn Gruppen darstellen 
nnd beide erblicb bedingte Unterscbiede aufweisen. Dies berubt dar- 
auf, dass Indi^dduen von verscbiedener Korperliinge sicb immcr mit 
einander vermiscbt baben. Unter einer Gruppe verstebt man in "Wirk- 
licbkeit, wenn man von Rassen spricbt, eine Gruppe von Personen, 
die sicb seit langem bauptsiicblicb miteinander, aber nicbt oder 
weniger baufig mit Personen der anderen Gruppe, mit der man ver- 
gleicbt, vermiscbt baben. Die Gruppe soli in WirkUcblceit ein Isolat 
Oder eine Anzabl von Isolaten darstellen, die entweder gcograpbiscb 
Oder sozial abgegrenzt sind. 

Scbliesslicb wird in der Definition angegeben, dass die beiden 
Gruppen verscbiedene Eigenscbaften aufweisen konnen. Man fragt 
sicb mm, wie viele Eigenscbaften erforderlicb sind, um von einer 
besonderen Rasse sprecben zu konnen. Der kleinste Unterscbied, 
der vorliegen kann, ist auf eine einzige Eigenscbaft zuruckzufubren; 
tbeoretiscb gesehen ist es also ausreichend, wenn man im Hinblick 
auf eine Eigenscbaft einen Unterscbied feststellen kann, um berecb- 
tigt zu sein von einer bestimmten Rasse zu sprecben. Unter solcben 
Umstanden gelangt man also zu folgender Definition (vgl. Dahl- 
BEEG 1941 ): 

Eine Rasse stellt ein Isolat oder eine Gruppe von Isolaten von Indi- 
viduen dar, die wenigstens einen crblich bedingten absohten oder rela- 
tiven Unterschied gegenuber anderen Isolaten aufweisen. 

Eine Eigenscbaft ist mit anderen Worten eine Rasseneigenscbaft, 
wenn sie bei einem Isolat oder einer Gruppe von Isolaten vorkommt, 
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aber in irgend einem anderen Isolat feblt oder in einer anderen 
IFrequenz vorbanden ist. Streng genommen soli man nicbt iiter 
Basseneigenscbaften sondern EassenimterscMede sprecben. Es ist 
ferner klar, dass die RassenunterscMede erne sebi verscMedene Gros- 
senordnnng haben konnen.weswegenes erwunsclitist,einenMasstal) 
fiir die Eassenunterscbiede zu erbalten. Diese Erage wird spate: 
in dieser Arbeit bebandelt werden. Es ist namlicb notwendig, elie 
dieses Problem bebandelt wird, die Mecbanismen naber zu bespreckn, 
die Verscbiebungen in der Erbmasse bei einem Volk bedingen konnen. 

Im Folgenden wd eine gewisse Eenntnis der Grundziige der all- 
Kemeinen EtbUchkeMetoe voMusgesetet. Die Eorineh diemfol. 
genden aufgesteUt werden. bauen sich also ooi mendebstiscle As.- 

gangspnnkte auf. 



Verscbiedene Formen von \crerbung. 


Monoliybride Diallelic. 

Haben wir nur cine jtirfc von Gcncn, die in cincm iVnlagepaar 
vorhanden sind, so werden allc individnen ciner Bevdlkorang IIo- 
mozygoten und cinander im Hinblick auf die Vererbung glcicb scin. 
In einer solchcn Bevolkcrung werden die Untcrscliicdc zmschen den 
Indi\dduen nur durcli cine Variabilitiit bedingt, wclclio das Jlilicu 
vcrursacht. Bci nionobybridcr Diallclie werden hingegen die bc- 
treffenden Eigcnscliaftcn durch zwei verscbiedene Gene bedingt (Dial- 
lelie), die cinem allclcn Paar angcliorcn (Monobybriditiit). Wir bc- 
zeichnen diese Gene mit R und D. Die Gamclcn, die gcbildct werden, 
konnen von zwcierlci scin, und zwar toils Gameten, die 7?-Genc 
enthalten und toils Gameten, die D-Gcnc cnthaltcn, Bci dcr Ver- 
scbmclzung der Gameten zu Ztjgolcn werden drei derartige von ver- 
schiedener Art gcbildct: Toils Zygoten, welche durch Zusainmen- 
schmelzung von 7?-Gametcn entstchen und also zwei J?-Gcnc ent- 
halten imd Homoz 3 'goten fiir iZ-Gcne genannt werden; toils Zygoten, 
welche zwei D-Gcnc cnthaltcn und Homozygoten fiir D-Gcnc ge- 
nannt werden; schlicsslich Zygoten, welche durch Zusammcnsclimcl- 
zung von 7?-Gamctcn und D-Gameten cntstelicn. Diese letztcren 
Zygoten werden Hetcroz^’goten genannt. Im Hinblick auf die Eigen- 
schaften, welche diescr Erbbcschaffcnheit dcr Zygoten entsprechen, 
haben wir auch verschicdcnc hloglichkcitcn. 1. Die cine Anlagc knnn 
iiber die anderc dominicren. Dominiert das D-Gon, werden die Hc- 
terozj’gotcn im Hinblick auf die Eigcnschaft glcich den Homozygoten 
fiir das D-Gcn. Man knnn den entsprcchendcn Individnen nicht 
ansehen, ob sic cine vcrschiodcne Erbbcschnffenhcit linbcn; nur wcnii 
man durch Kreuzungse.xperimcntc odor iihnlichcs nachweisen kann, 
dass die Heterozygoten zwei verschicdcnc Arten von Gameten pro- 
cluzicren, kann man fcststcllcn, dass sie in ihrer Bcschaffcnhcit nicht 
mit den Homozygoten fiir das D-Gen idcntisch sind. Dominiert das 
B-Gen, so sagt man, dass das R-Gcn rezessiv ist. In diesem Fallo 
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Eigeuschaften. 2. Eine 

dere Moghclikeit besteht darin, dass die Heterozygoten eine 
Zwiscbenstellung zwisclien den Homozygoten einnelimeu^ Sind die 
Homozygoten fiir die i2-Gene weiss und die Homozygoten fiir die 
^-Gene scWz, so werden die Heterozygoten in einem solchen 
i<aUe grau.^ Wir sprecben dann von einer intennediaren Erbliehkeit 
3. ScWiesslicli besteht die Moglicbkeit, dass die Heterozygoten eine 
von den Homozygoten vollig abweicbende Bescbaffenheit aufweisen. 
Wir konnen annehmen, dass die i2-Homozygoten weiss sind und die 
H-Homozygoten scbwarz. Erbalten in diesem Falle die Heterozy- 
goten eine blaue Farbe, also eine von beiden Arten vollig abweichende 
Bescbaffenheitj die auf der Seite der Variationsbreite liegt, von der 


man sick vorstellen kann, dass sie die Homozygoten verbindet, so 
sprecben -wir von einer extramediaren Erblicbkeit (dieser Ausdruck 
friiher angewandt von Gunnar Dahlbeeg, 1942 a; Johannsen, 1926, 
spricbt in diesem Falle von heterozygoten Konstruktionen, eine 
Bezeichmmgsweise, die aber leicht zu Missverstandnissen fiihren 
kann). Die Grenze zwischen intermediarer imd extramediarer Erb- 
lichkeit ist selbstverstandlich nicht scharf. 


GescLIechtsgebundene monohybride Diallelie. 

Bei dieser Form von Erbliehkeit haben die Manner nur eine der 
beiden Anlagen, die in Frage kommen konnen. Wir haben also zwei 
verschiedene Arten von Mannem: Teils Manner mit einem E-Gen, 
welche in ihrer Eigenschaft mit den Homozygoten fiir das E-Gen 
iibereinstimmen (die nur bei Frauen auftreten), teils Mannw 
mit einem D-Gen, die in ihrer Eigenschaft mit Homozygoten fur 
das D-Gen ubereinstimmen (welche ebenfalls nur bei Erauen vor- 
handen sind). Wir haben also nur zwei verschiedene Arten von 
Mannern sowohl im HinbUck auf die Anlagebeschaffenheit als auen 
j m Hinblick auf die Eigenschaftsbeschaffenheit. Bei den 
hingegen treten die Gene in allelen Paaren auf und wir erhalten 
die verschiedenen Moglichkeiten der Anlage- und Eigensc a 
schaffenheit, iiber die wir weiter oben bei der monohybriden la 
berichtet haben. Eine Anlage, welche nur im y-Chronios 
handen ist, kann keine Wirkung haben, falls sie rezessiv is ■ 
sie dominant, so kommt die Eigenschaft nur bei ^ 

wird nur auf die Sohne vererbt. Die Frauen sind keine on 



25 


Dieser tlieoretiscli vorstellbare Erblichkcitsmcchanisraus -wurde in- 
dessen nicbt bcim Mcnscben beobacbtet. 


Monoliybride Polyallelie. 

Bei dor monobybridcu TriallcUe sind drci vcrscliiedcuc Artcn von 
Gcneii vorliandcn, von dcnen abcr immer nur bochstcns zwci gleicli- 
zeitig in eincr Zygote vorkommen kounen. Die Eigenschnftcn, v’clchc 
man untersuebt, werden also dutch ein Anlagcpaar bedingt (Mono- 
hybriditat) und dutch Gene von dteietlci Att (Ttiallclic). Wit konnen 
annehmen, dass cs sicli um die Gene D, If und I handelt. Nachdem 
nut cincs dicset Gene in cinem Gamcten vorkommen kann, cthalten 
vir entsprcchcnd dicsen vcrschiedcncn --b-ten von Gonen drci ver- 
schiedenc Artcn von Gamcten. Nachdem nut zvrei Gamcten zu eincr 
Zygote zusammenschmelzcn konnen, cthalten wit drci vcrschicdcne 
ibten von Homozygoten, niimlich DD, HR und II, sowie drci ver- 
schiedcnc .firten von Hctcrozygotcn, namlich DR, Rl und DI. Im 
Hinblick auf die Eigcnschafton dicset vcrschiedcncn Arten von In- 
dividuen haben wit vcrschicdcne Moglichkcitcn. Die Homozygoten 
konnen fiir sich cine unterschicdlichc Eigcnschaft haben, die Hetero- 
zygoten konnen intcrmcdiiir odcr c.vtramcdiar sein. Schlicsslich kann 
es sich auch hier um Dominanz liandcln. Die Moglichkcit liegt am 
nachsten, dass cine Anlagc iiber die beiden andcren dominierfc, also 
D uber R und D iiber I, sowic dass die zweite Anlagc iiber die drittc 
dominiert, z. B. R iiber 1. In dicsem Fallc crhaltcn vir drci ver- 
sclucdenc .tVrten von Eigcnschaftstragern, niimlich DD-, DR- und 
jD/-Indhdducn, die alle dicsclbc Eigcnschaft haben, RR- \md RI- 
Indudducn, die cine andcrc Eigcnschaft haben, sowic schlicsslich 
ZZ-Individucn, die cine drittc Eigcnschaft nufwciscn. Einc andcrc 
Mogliclil^cit ist, dass zwei dor Anlagen je fiir sich iiber cine drittc 
dominicren, dass abcr die Hctcrozygotcn mit dicsen beiden domi- 
nanten Anlagen intermediate odor ext ramcdiiirc Bcschaffcnhcit 
haben. In dicsem letztcrcn Fallc sagen wir, dass cine cinfachc Do- 
minanz vorliegt, vahrend wir im crstcrcn Fallc, wo cine Anlagc iiber 
die beiden iibrigen dominiert, dnvon sprcchcn, dass eine doppclte 
Dominanz vorliegt. 

Wir konnen uns sclbstvcrstiindlich cine unbegrenzte Anzahl von 
Genen vorstcUen, von welchen nur zwei glcichzcitig vorkommen. 
Alle Fiille, bei welchcn mehr als zwei vcrschicdcne Artcn von Genen 
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vorkommen, fassen wii mter der Bezeicimmig moioWbride P„l»ll 
PoIvaTlcrW ■ M««licUceiten bei de/^o^S 

oijallelie klar zu macKen, nehmen ■wir an flntju oo • i, 
^Ukurliclie i^zalil versckiedener Gene, die ’wir n nemL, rndeT 

" verschiedene Arten von Qameten er- 
lalten. JW Hilfe yon Eegcln ans der Kombinatiomklre konaen 
mr berechnon, ™ viele Arten von Zygoten dnrci Kombinalion 
dlcsor verschicdenen Arten von Gameten gebildet weiden tomen 
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Abb. 1. Vgl, Text. 


In diesem Falle handelt es sich um eine Serie von Elementen (Ga- 
meten) von n verschiedenen Arten. Aus dieser Serie wollen wir zwei 
Elemente herausnelimen und sie miteinander zu einem Paar kom- 
binieren; die Erage, "welcbe sich dann ergibt, ist: Wie viele veiscliie- 
dene Arten von Paaren, von Ztveiergruppen, konnen w bilden? 
In erster Linie konnen wir nun jeden Gameten mit einer bestimmten 
Art von Gen mit sich selbst kombinieren. Wir erbalten auf diese 
Weise Homozygoten imd diese tveisen ebensoviele vexscbiedene Aiteu 
auf vsrie die Gameten, also n verschiedene Arten. Die Heterozygotea 
erbalten "wir dadurch, dass tvir aus den verschiedenen Elementen zvei 
Gruppen bilden, wobei jedoch die Ordnung zwischen den Elementen 
nicht beriicksichtigt wird, da es ja ohne Bedeutung ist, ob man 
Nr. 1 mit Gen Nr. 2 oder Gen Nr. 2 mit Gen Nr. 1 kombmied. n 
diesem Falle erbalten "wir also gemass den Regeln, auf welc e 

oben hingewiesen haben, — " 2 — ' Arten von 

terozygoten. Insgesamt erbalten wir also bei monobybrider P 
lelie, weim es sich um n verschiedene Gene und folglicb um 

scbiedene Gameten bandelt, n H ~ erblichen 
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schaffenlieit nacli verscliiedcne Individuen. Der Prozess wird in 
Abb. 1 grapbiscb dargestellt. Langs zweicr anstosscndcn Sciton cincs 
Pechtecks werdcn die verscbicdcnon Arton von Gamcten (Genen), 
die in Frage kommeii konnen, aufgescliriebcn. Wir bezeicbnen die 
Gameten mit Gi, G^, G^ nnd G^, so dass das Scbema also die 
Z 3 'gotenbiIdung bci monohybrider Quintallelie umfasst. Ladurcli, 
dass in jedes Diagonalfeld von linlis oben nacb reclits unten die 
Bezeicbnungcn eingefiilirt wcrden, die in den zum Feld geliorigcn 
Eeihen an den Seitcn dcs Bccbtecks steben, -wcrden die Homo- 
zygoten erhalten. Die Hetcrozygotcn vrcrden durcb Ausfubrung 
der entsprecbenden Operation fiir die Felder, die oberbalb (odor 
unterhalb) der diagonal belegenen Felder liegen, crbaltcn. Die Felder 
imterbalb der diagonal belegenen cntbalten dann diesclbcn Bezcicb- 
nungen (vrenn aucb in umgekebrter Ordnung) nde die Felder oberbalb. 

Im Hinblick auf die Besebaffenbeit diescr Indmduen baben wir 
mit versebiedenen Kombinatiouen von cinfacber oder mebrfacber 
Dominanz und intermediarem oder extramediiircm Vcrcrbungstj’pus 
zu reebnen. 

Geschleclitsgcbundcne monobybridc Polyallelic. 

Bei diescr Form von Vererbung sind fiir die Frauen diesclben 
Vcrbaltnisse vorbanden, wie sic vorber fiir die monohybride Poly- 
allelic bcscbiicben vrurden. Die Manner baben bingegen nur ein 
Gen von den versebiedenen Artcn von Genen, um die es sicb bier 
bandelt. 1st dicse Anzabl «, so baben wir also bei den Manncrn 
ebenfalls n Arten crblicb untcrscbicdlicbcr Individuen und diese 
baben aucb alle versebiedene Eigenscbaltcn. Hat man also bei der 
gescblecbtsgebundcncn monobybriden Polyallelic (oder Diallelic) 
mebrere versebiedene Artcn von Eigensebaiten bei den Frauen als 
bei den Mannern, so kann man somit davon ausgeben, dass die 
Eigenscbaftstriiger bei den Frauen, denen die entsprecbenden bei 
den Mannern feblen, Heterozj'goten sind. 


Poly hy bride DiallcHe. 

Bei der dibybriden Diallelic sind zwei Anlagcpaaro und cine Ver- 
sehiedenbeit zwiseben den beiden Genen in jedem der Paare vor- 
banden. Wir nebmen an, dass das cine Paar aus den Genen D-y 
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und Ry, das zweite Paar aus den Genen und R^ lesteKt. Bei der 
Bildung von Gameten kommt nnr das eine der Gene in iedem Paar 
mit in einen Gameten. Wir kombinieren also das D^-Gen mit jedem 
der beiden Gene im zweiten Genpaar und erbalten Gameten von der 
Bescliaffenbeit und Wir kombinieren dann das Pi-Gen 

mit jedem der beiden Gene in dem zweiten Genpaar und erhalten 
dann die Gameten R^D^ und RiR^, Wir erbalten also vierverscliie- 
denc Arten von Gameten und die Gametenarten konnen formal 
durch die folgende Multiplikation berecbnet werden; 

(Di + Ri) (Z>2 + Ro) = DxRi + + Pil>2 + P 1 P 2 


Dj 

R, 

Abb. 2. Vgl. Text. 
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und horizontal an den Seiten des EecMeoto nbei jedem 

Peld steben, _ _ j _ .m Vvaoten vereinGa, kann 

Wenn die Gameten sicWt emande yg 

man die entaprechende wber°tanBen. In *»“ 

monohybiide Polyalldie angew Gametenarien, rier vet- 

Mo handelt es rich um met ® mitemnder ffl 
schiedeno Arten ron El=™nten, d,o m* ^nd g ^ 
einem Paar veremen. So konnen sic * ,on &' 

einandcr voreinen; nachdom w ™”“^XeAitenvonHo»n; 

mentonhaben, erhalten wn also TOiveiaclnede ^ 

zygoten. Die Heterozygoten widen nach der 'orm 

erhalten. In diesem Falle ist » = j, 

schiedene Arten non Heterozygoten poly*l» 

auf die entsprechende Worse wre ber del nron y 

veranscbanlicbt. 
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Entlang den Sciten cincs Rechtcclcs (Abb. 3) schrcibcn viir die 
vcrschicdcnen Gamotcnnrten. Das Rcclitcck wird in Felder einge- 
teilt. Durcb Einsebreiben dor beiden Gnmetcnkonstniktionen, die 
liorizontal vor don diogoualcn Fcldeni tind vertikal iibor ilinen steben, 
worden die Homozygoten crbaltcn. Dadurcb, dnss anf cntsprccbendc 
Weisc die Felder ohcrhdb (odor nntcrhnlb) dicser diagonalen Folder 
gesebrieben werdon, 'werden die llctcrozygotcn crbaltcn. Es ist ja 
deutlicb, dass die Folder oberbalb wnd nnterbalb dor Diagonalc 
diesclbe Besebaffenboit crbaltcn. 


D, D, 
DiR, 
RjD, 

R,R: 


JInthomatiscb crhiilt man die versehiedenen Mdglicbkciton fiir 
die Zygoten dnreb Multiplikation, gornn.^s folgcnder Fennel; 

{D,D: + + TfiDj -i- (D,D, 4- D,/?, + /?,D, + 

Die Ivocilizicntcn bositzen in dicseni Zn.sammcnbnngo kein In- 
tore.s.sc und wir erbalteu also in die.'^em Fallc *1 vcrscbicdcnc Arton 
von Homozygoteti und G vcrscliiedenc Arten von Ilcterozygofcn, 
insgc.samt also 10 vcnscbicdcne Arten. 

Man kann sicb sclbstvcrstandlicb vonstcllcn, dnss c.s sicb liicr nm 
cine durcbgcbcndc intermcdiarc odor durcbgebcndc cxtramediilre 
Vererbung bandclt. Wir crbaltcn in diosoin Fallc nucb 10 vcrscbic- 
dcnc Arten von Eigcnscbaft.striigern. Einc nndcrc iMoglicbkcit .stolit 
cine oinfache Dominanz dnr, in dicsem Fallc dominiert also die cine 
Anlagc liber die zweite in jedem Pnnr, vUbrend liingogon koine 
Anlage dcs cinen Paarcs liber cine im zwoiten Paar dominiert. In 
diosem Fallc crbaltcn wir vicr vcrscbicdenc Arton von Eigen- 
sebatten. Scblicsslicb liat man nucb rait dor Mogliclikcit zii reeb- 
nen, dass die cine dominante Anlage liber die zweitc dominiert. Wir 
crbaltcn dann nur drei veracbicdcnc Arten von Eigonsebaftstriigorn. 


DiD, RvRj RtDi RiRj 


D, D, D.D, 

n, D, I). R.. 

D.R.D.n, 

n, R, D. R; 

DiDiDjRj 

Di Di R. R, 

I), R, D, R. 

D, R, R.R. 

D, R, D, Dj 

D, R,D. R. 

R, R, DjR, 

R,R,1\R,| 

Di R, Dj Rj 

D, R, R,R, 

R. R,D, R, 

RjR,R,R, 


At)b. 3. Vd. Tost. 
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Wir wollen scUiesslicli wissen, wie das Ergebnis ausfallt, wenn 
es sicb um eine grossere Anzabl von Genpaaren bandelt, die sich 
miteinander kombinieren. Wir nebmen an, dass es sicb um m 
Paare von allelen Genen bandelt und wir baben also in diesem balle 
2m verscbiedene Arten von Genen. Wir nebmen also an, dass die 
vcrscbiedenen Genpaare folgende Bescbaffenbeit baben; 


••• 

Bei der Bildung von Gameten verbalt es sicb so, dass ein 6ea 
eines ieden Paares sicb mit einem Gen ans alien ubrigen Paareu 
kombiniert. Matbematiscb erbalt man die Gametenart aus dem 

Ausdruck: 

Pi + Ri) • P2 + -^ 2 ) • P3 + Rz) 

?• rrrt' — 

erstrjie mit der MdgUchkea - to*” 

Art sicb miteinander zu , ^also 2 "‘verscliiedene 

verscbiedene Arten von ame ^ Heterozygotea kom- 

Axten von Homozygoten. Bei der ^M.ng^^ 

binieren wir wie gewobnbcb , . ^ Paaren, miteinander. 

Beibenfolge der Gameten m den erbaltenen 
2« (2"‘ — 1) 

Wir erbalten also ■ ^ . piabUck auf 

Selbstverstandlioh liegt auch in grosse hlM 

die EigensohaftsbesohaHenheit d.eser to a ,eisoW®» 

von ™ ’"T rrSrr tr extramedto.. Ve,- 

Arten von dominanter und mtennedrarer 

erbung vor. 

... P.W— 

Bei det “^ifeh^vicBede^ 

•wie gewohnlicli eben so ™ ® jjigenschaBst'^g'™’ 

viduen und verscbiedene Arten Jon Mg ^gewnatea 

Gameten baben, also in EigenscbaftsbesobaB* 

Bezeicbnungen, 2“, tor was verber ub« 

naob verscbiedene Mannen F w^j^delt es sicb um mta 

polybybride DialleUe gesagt wurde. Hande 
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cxtramcdiiire Vcrcrbung, crhaltcn wir also mchr verschicclcnc 
Arten von Eigcnscliaftstriigcru bci den Frauen als bci den Slanncm. 


Polyliybridc Polyallclic. 

Tlieorctisch ist. sclbstvcrstandlicb auch die Mdgliclikcit vorliandcn, 
dass wir cine villkurlichc ^-Viizabl von allelen Paaron liabcn und dass 
fiir ein odor mehrcrc dieser Paarc cine willkUrlicbc Anzahl von Genon 
vorbanden ist, von wclchcn aber nur zwei gleichzcitig vorkomraen 
konnen. Es ist klar, dass dioso Situation iUisserst kompliziert ist. 
Dies um so inclir, als bci dcr Entsfehung von Eigcnscbnftcn auch 
die Mogliclikeit vorlicgt, dass man mit vcrschiedcncn Arten von 
Dominanz, intennediarer und e.vtrainediarer Yererbung rcclmcn muss. 
Es diirfte kaum Intcrcssc liabcn zu vcrsuchen die liierbci vorlicgcnden 
Mogliclikcitcn niiher aufzuklilrcn. Dcr Vollsfiindigkoit halbcr voll- 
ten wir nur dieses Vcrhaltcn envuhnen. 



Die Zusammensetzung der Population 
bei Panmixie. 

^ Will man die Erbliclilceitsverlialtnisse in menscHiclien Popula- 
tionen xmtersuclien, so gelit man in erster Litiie von der Amakae 
aus, dass die Ehen in einer Population zufallsbedingt gescUossea 
werden nnd dass sicli die verschiedenen Gruppen von Eigensckfts- 
triigern in gleichem Ausmasse fortpflanzen. In einer Population, 
in welclier dies der Fall ist, spricbt man von dem Vorhandensein 
einer Panmixie. Diese Voraussetzung gilt siclier mit zufrieden- 
stellender Genauigkeit in vielen Fallen, 

Panmixie liegt selbstverstandlicb nicbt immer vor. AbTreichuDgen 
von den Ergebnissen, die man bei zufallsbedingten Kreuzungen, 
Panmixie, erbalten wiirde, konnen nur anf fiinf Arten erhalten wer- 
den (vgl. Dahlbebg 1939 b): 

1. Eine Uraacbe fiir Abweichungen von der Zusammensetzung 
bei Panmixie ist die SeleUion. Die im Hinbliok auf die Yererbung 
verscliiedenen Arten von Individuen in einer Bevolkeiung konnen 
eine unterschiedliclie Fruchtbarkeit baben. Dies fuhit zu foitsckei- 
tenden Verschiebungen in der Zusammensetzung der Bevolkerung 
von Generation zu Generation; da in Wirkliobkeit die Generationen 
ineinander libergreifen xmd nicbt scbarf getrennt sind, fiikt dies 
zu einer von der Panmixie kontinuierlicb immer mebr abweichenden 
Zusammensetzung der Bevolkerung. 

2. VerwandtscIiaftseTie bedingt eine erbobte Wabrscheinlic ei 
fiir Homozygotie. In der Annabme, dass eine Panmixie vorhegfc) 
ist iubegriffen, dass aucb Verwandte zuiallsbedingt miteinander 
Ebe scbliessen. Der Grad von Homozygotie, der bierdurcli ve^- 
sacbt wird, ist also in den Ergebnissen entbalten, die tmter der ^ 
aussetzung berecbnet werden, dass eine Panmixie vorliegt. ^ ® ^ 
Verwandtscbaftseben indessen in einem grosseren oder 
Ausmasse als bei Panmixie erwartet vorkommen, so wird ler 
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selbstvcrstiindlicli ciuc abwcichcnde Zusanimcnsetzung dcr Popula- 
tion verursacbt. 

3. Verbciratcii sicb die individuen zufallig mit cinander, so gc- 
schielit dies dock imrncr nur innerhalb cincs bcstimmtcu begrenzten 
Gebietes imter cincr gewissen Anzabl von Indi^'iducn. Wird cine 
Ehe in cincm Volk gcscblosscn, so ist cs ja klar, dass cin Individuura 
aus cincr bestimmten sozialcn KJasse und cincm bestimmten geo- 
grapliischcn Gebict nur die j\l6glichkcit hat, sick mit cincr begrenzte- 
ren /\iizakl von Individuen in dcr Population, die das Land bcvol- 
kert, zu verchclicken. Eine grosscrc Population zcrfiillt aus dicsem 
Gcsicktspunkte in Teilpopulationen, die wir Isolate nennen. Diesc 
■werden durck Isolatgronzcn von geograpkiseker und sozialcr Art von- 
cinander getrennt. Innerhalb dicser Isolate kann man voraussetzen, 
dass cine Panmixie stattfindet. Haben die Isolate voneinander 
abwcickendc Bcsckaffcnkcit, so erkiilt man bci dcra Zusammcnsckla- 
gen dcr Isolate zu ciner Population cine anderc Zusammensetzung 
dcs Gcsamtmatorialcs als man crknlten viirdo, venn cine Panmixie 
in dcr ganzen Bevblkcrung stattgefunden hiittc. 

4. tAssortadve madtiffi (Gattcmvakl); dicser Ausdnick bedontet, 
dass die Eigensekaftstrager in grosscrem A\ismnssc als durck cin 
zufallsbedingtcs Zusammentreffen sick mitcinandcr verheiraten, vas 
Abwcickungcn von dcr Panmixie bcdcutcn kann. Dcr Prozess 
fukrt zu ciner Zunakmc dcr Homozygotenfrequenz in cincr Bc- 
volkcrung. 

5. Durck Mutadonen kann, prinzipicll geseken, die Erbbesekaffen- 
lieit in ciner Population von Generation zu Generation veriindert 
vrerden, so dass die Bevblkcrung cine Zusammensetzung erkiilt, die 
von dcr abweiekt, die man bci Panmixie erwartet. 

Unter diesc Hauplnibrikcn fallen Varianten dcr vcrsckicdoncn 
Mcclianismen fiir die Abwcickungcn von Panmixie. Prinzipicll ge- 
seken diirfte man aber jede Abwcickung auf cine diescr Bubriken 
zuriickfukren kbnncn. 

Man kann sicker bekaupten, dass man in viclcn Fallen bcrccktigt 
ist anzunekmen, dass cine Panmixie vorlicgt. In dicsem Falle bc- 
itzt die Bevblkcrung cine konstanlc Zusammensetzung und der 
Sengekalt veriindert sick nickt von Generation zu Generation. Die 
'ersekiedenen Gene pflanzon sick ja in glcickem Ausmassc weiter 
ort. Wenn man indcssen in cincm gegebenen Fall Formeln anwen- 
len soil, die auf die Voraussetzung aufgcbaut wurden, dass cine 

i-43203. a. Dahlhcrg. 
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Panmme vorliegt, so muss man aelbstveratandlioh veisuchen ,lol, 

hT ‘“f Widen, dasB diese Voranesetenng At 

lioh mit zufnedenstelleuder Genanigkcit giiltig ist. ^ 


Die Zusammensetzung dei Population bei mono- 
hybrider Diallelie. 


Wollcn wir die Zusammensetzung der Population fui eine mono- 
nybride diallele Eigenscbaft bei Panmixie berecbnen, so ist es am 
geeignetsten von der Bescbaffenbeit der Gameten in der Population 
auszupben. Wir nelimen an, dass unter den Gameten, die von den 
Individuen in der Population produziert werden, die rezessive An- 
lage R in einer Frequenz von r und die dominante Anlage D in einer 
Frequenz von d vorbanden ist. Die WabrscheinliclLkeit dafiir, dass 
man bei einer zufalligen AuswaH einen Gameten mit dera rezessiven 
Gen erbalt, ist also r. Die Wabrscbeinliclikeit, dass man einen Ga- 
meten mit dem dominanten Gen erbalt, ist d; nacbdem diese beiden 
Wabrscbemlicbkeiten einander ausscbliessen, ist ibre Summe 1. 

Also 


imd 


r + d — l 
r = 1 — d 


Wenn nun die Individuen, welcbe diese Gameten produzieren, 
sicb miteinander verbeiraten, so bedeutet dies eine Einschrankung 
der Bewegungsfreibeit der Gameten. In einer bestimmten Ebe kon- 
nen ja Zygoten ausscbliesslicb durcb Verbindungen zwischen denje- 
nigen Gametenarten, "welcbe die Kontrabenten produzieren, ent- 
steben. Die Monogamie bedingt also eine gewisse EinscMnkung 
der zuiallsbedingten Bewegungsfreibeit der Gameten. Diese Ein 
schrankung besitzt indessen in dem vorliegenden Falle keine Be 
deutung. Man kann somit von der Annabme ausgehen, als ob a e 
Gameten, welcbe die Individuen einer Population produzieren, ein 
einzige Masse bilden und in einem See gesammelt wiirden, in ^e 
cbem die Gameten zufallsbediagt zusammentreffen wiirden. ^ 
Tat bandelt es sicb urn einen komplizierteren Mecbanismus, meser 
ergibt aber dasselbe Ergebnis, wie der oben bescbxiebene e a ^ 
Miscbungsprozess. Wir geben also davon aus, dass die a® 
zufalligerweise zusammentreffen und die Wabrscbeinlichkeit der 
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binationcn, die ciitstelicn konnen, kann leicht bcreclinct werden, 
nachdem wir die Walirsclicinlicldccit fiir das Vorlicgen der verscliie- 
denen j\xten von Gamcten kennen. 

1st die "Walirsclieinliclikeit lur eincii JJ-Gameten r, so bestcht iiir 
cinen 2?-Gameten die ‘Wabrsclieinliclikcit r • r = r- fiir cin Zusammen- 
treffeii mit cinem anderen iZ-6amcten zu einer Zygot-e mit der Be- 
sebaffenbeit liR. 

1st die Wabrsclieinliclikcit fiir cinen D-Ganietcn d, so bestebt fiir 
cinen D-Gamctcn die Wabrsclieinliclikcit d ■ d = d- fiir cin Ziisain- 
mentreffen mit eincm andcren JD-Gameten zu cincm Zygoten mit 
der Bcscbaffcnbcit DD. 

Die Wabrsclieinliclikcit fiir das Zusaminentrcffcn cincs 72-Gamctcn 
iind eiiics D-Gamctcn zu cinem Zygoten mit dcr Bcscbaffcnbcit liD 
(odcr DR) ist scblicsslicb ‘ltd. 

Das Ergebnis ist also; 

Die Wabrsclieinliclikcit fiir rezessive Homozygoten {RR), d. b. 
fiir rezessive Eigensebaftstrager, betragt ... r-. 

Die Wabrsclieinliclikcit fiir Hctcrozygotcn {RR) ist ... 2r(f. 

Die Wabrsclieinliclikcit fiir dominante Homozygoten {DD) be- 
tragt . . . d'. 

Die Walirscbcinlicbkcit fiir dominante Eigensebaftstrager {RD + 
DD) betragt also ^2rd + d- = 1 — r- 
und femer wcil r -b d — 1 ist 

r- + 2 rd + d‘ = 1 . (1 ) 

Da wir wissen, dass die Homozygoten ansscliliosslicb R- bzw. D- 
Gameten produzicren, vabrend die Hctcrozygotcn ziir Hiilftc R- 
iind ziir Hiilftc D-Gameten produzicren, muss luitcr dcr Voraus- 
setzung, dass die Indi\nducn sicb glcicb stark vermebren, die Henge 
an i2-Gamctcn untcr den Gamcten, wclclic sic erzeugen, aiis dcr 
Anzabl rezessiver Homozygoten + dcr balbcn Anzalil von Hctcro- 
zygoten zu erlialtcn scin. Dasselbe gilt aucli fiir die D-Gameten. 

Also muss 

r ~r- + rd 

und 

d = d' + rd 

sein. 

^ Kennt man somit die Anzabl rezessiver Eigensebaftstriiger in 
einer Population von gevrisser Grosse (und folglicb aucb die Anzabl 
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der dommanten Eigenschaftstrager), so kann man r a j ■ 
dor oben stebeuden Formeln leicbt berecbnen 
r und i erhaltenen Werte kann man hernaok dfe “ St 
zygoten in dei Bevolkemng bereclmen.» ^ ® ‘ 

Bevolkerung, welcke gemiss 

Formeln ausammengesatot ist, an veransckanlichen, aei auf Abb 4 
vetwiesen. In dieser Abbildnng ist die Seite des Quadrates im Ysr 



Abb, 4. Verteilung der Zygotentypen in einer Population (RR, RD und DD) 
mit der Proportion der Gene r ; d = 2 ; 3. (Nach Dahlbekg-Htotkkantz 1927.) 


baltnis r : d aufgeteilt (im vorliegenden Falle 2 : 3). Die Grosse des 
Feldes r- imd der beiden Felder rd und des Feldes d^ veranschauliclit 
die Frequenz der verscbiedenen Arten von Individuen (RB-, 
und DD-Individuen), welcbe in einer Bevolkerung mit einem der- 
artigen Gebalt an Genen entsteben. Das Feld r® entspricbt also den 
rezessiven Eigenscbaftstragern und die iibrigen Felder zusanunen 


entsprecben den dominanten Eigenscbaftstragern, 

Aus dem Diagramm in Abb, 5 kann die Zusammensetzung, welche 
man bei Panmixie, bei verschiedenem Gengebalt in der Bevolkenmg, 
erbalt, entnommen werden. Die gestricbelt gezeicbnete Diagonals 
gibt die verscbiedenen moglicben Proportionen (von f bis g, ^ 


^ Der erste, der Formeln fur die Zusammensetzung der Popula _ 
Panmixie angegeben imd gezeigt hat, dass die Erbbeschaffenheit der p 
lation bei Panmixie sich konstant halt, war Haedy (1908). Bereits r 
hat Peaeson (1903) dasselbe fur die Proportionen 1:2:1 aufgezeigt. 
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Abb. 0. Prozentwert der Hoterozygoten bei verschiedener Proportion der 
rezessiven und dominanten Eigenschaftstrager (ausgezogene Linie; unten 
stehende Zalilen) und bei verschiedenem Gehalt an rezessiven Genen 
(gestrichelte Linie; oben stehende Zahlen). (Nach Dahlbehg-Hultkeaktz 

1927.) 

halt an .5-Genen (r), welcher in der Abb. angegeben ist. In Tabelle 
1 warden exakte zahlemnassige Werte fiir einige verscHedene Mog- 
lichkeiten der Zusammensetzung einer Bevolkerung bei monoby- 
brider Diallelie angefiihrt. 

Aus den Diagrammen nnd der Tabelle geht hervor, dass die He- 
terozygoten hochstens 50 % einer Bevolkerung ausmachen konnen 
und dass dieses Maximum dann erreicht wird, wenn R- und D-Gene 
gleich haufig vorkommen, d. h. beide die Wahrscheinlichkeit von 

besitzen; die rezessiven Homozygoten machen in diesem Faile 
also j der Bevolkerung aus. In diesem FaUe wird die Zusammen- 
setzung der Bevolkenmg durch die klassischen Werte von Mendei- 
I : J : I charakterisiert. Wenn r = ^, sind iibrigens die Halite der 
dominanten Eigenschaftstrager Heterozygoten, und wenn T-h 
finden sich gleich viele rezessive Eigenschaftstrager wie Hetero 
zygoten. Je grosser der Unterschied zwischen der Erequenz der 
nnd D-Gene wird, desto geringer fallt die Erequenz der Heterozyge 
ten, verglichen mit der Bevolkerung in ihrer Gesamtbeit, aus. 

Die Eormeln, die wir oben aufgesteUt haben, besitzen also 
anderem auch deswegen Interesse, weil sie eine Berechnung der 
zahl der Heterozygoten bei monohybrider dialleler rezessiv-domiuan 
ter Vererbung (und selbstverstandlich auch bei inter- oder extra 


TABELLE 1. 

Prozcntzalil dcr Hctcrozj’gotcn Lei vcrscliicdcncr Gcnproportion, 


BR-Zj’goton RD-Zygoton DD-Zygotcn RR-Zygoten RD-Zygoton DD-Zygotcn 
(Roz. Etr.) (Rez. Etr.) 

100 r= 100 2rd 100 d’ 100 r- 100 2rd 100 d= 


44.10 

43.05 

43.11 
42.50 
42 

41. .12 

40.83 
40.22 

30.00 

38.07 

38.32 

37.07 
37 

36.32 

35.02 

34.02 

34.20 

3.3.18 
32.75 
32 

31.25 

30.18 

20.71 

28.02 
28.13 

27.33 
20.52 

25.71 
24.88 

24.05 

23.21 

22.30 

21.5 

20.01 

10.70 
18.80 
18 

17.11 

10.21 

15.30 

14.30 
13.17 
12.55 
11.02 

10.08 

0.71 

8.70 

7.83 
6.87 

5.01 

4.01 

3.00 

2.08 

1.00 
0.0075 
0 
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mediator Vererbung) ermoglicben. Babeidieseri'omvouYererbun^ 
die Hetorozygoten im Ausseben mit den dominanten Homozygoten 
uberemstimmen, baben wit ja koine MogUchkeit die Heterozygotea 
direkt zu beobaebten imd zu bestimmeu. 

Es ist nun von besonderem Interesse zu untersueben, wie sich 
dor Gebalt an Heterozygoten zu dem Gebalt an Homozygoten von 
rezessiver bzw. dominanter Art verbalt. Mit Hilfe der Gleichungen, 
die wir oben aufgestellt baben, ergibt sick, dass 

Heterozygoten 2r^ 2(1— r) 

Rezessive Eigensebaftstrager r 

Heterozygoten _ 2rd _ 2r 

Dominante Eigensebaftstrager + 2rd 1+r '' 


Betracbten wir nun zuerst die Gleicbung fiir das Verbalten zwiseten 
Heterozygoten und rezessiven Eigensebaftstragem, so finden m, 
dass falls r zablenmassig klein ist, sicb 0 nabert, so nabeitsicli 
das Verbaltnis zwiseben beiden oo. 1st r zablenmassig klein, so 
wird die Frequenz der rezessiven Eigensebaftstrager (r^) teeist 
klein. Sind also die rezessiven Eigensebaftstrager in einer Bevol- 
kerung sebr selten, so finden sicb verhaltnismassig viele Heteiozy- 
goten Oder latente Eigensebaftstrager in der Bevolkerung. Gesekn 
vom Standpunkt der Bevolkerung aus, smd also sowobl dielatoto 
als aucb die manifesten Eigensebaftstrager selten, diemanifesten 
Eigensebaftstrager aber dock unverbaltnismassig seltener als die 


iatenten. , 

Dies gilt aucb fiir das Verbaltnis der Heterozygoten zu den 

dominanten Homozygoten. Handelt es sicb urn eine seltene Eigea- 
sebaft, so bestebt der Hanptteil der Eigensebaftstrager aus Hete 
zygoten. Umgekebrt, wenn es sicb um eine sebr banfig vorkommen 

dominante Anlage bandelt (nabe 1) stellen l , 

versebwindenden Bnicbteil der dominanten Eigensc a s S 
Diese Sebliisse iiber das Verbaltnis der Heterozygoten zu 
mozygoten besitet fur die Methodik der 
gewiSe Bedeutung. Geht man z.B. von 
und untersuebt deren Gesebwister, so erbalt man erne ^ 
licbe Zusammensetzung des Gesebwisterkreises ei vers 
Frequenz einer Anlage. Tbeoretiseb geseben kann man 
sebaffenheit von Gesebwisterkreisen die Frequenz der An ag 
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Population bereclmen, aus der die Gescliwisterkreise genommen wur- 
den, wenn man die Art der Vererbung kennt (vgl. Dahlberg- 
Htotioiantz 1927). In der Praxis diirfte es aber kaum moglich. 
sein auf diesem Wege zuverlassige Frequenzwerte zu erbalten. 
Tkeoretisch geseben kann man ferner aus der Erbbescbaffenlieit 
von Zwillingspaaren, die zweieiig sind, die Frequenz von Anlagen 
in der Population bereclmen, aus der sic stammen. Rife (1938) 
bat fiir solcbe Berecbnungen Formeln aufgestellt, die aucb in der 
Arbeit von Dahlbekg (1942 b) wiederzufinden sind. In der letzt- 
genannten Arbeit vrurden die Bezeicbnungen angewandt, die aucb 
in der vorliegenden Arbeit angewandt werden. 


Die Zusammensetzung der Population bei gescblechts- 
gebundener monobybrider Diallebe. 

Bei der gcscblecbtsgcbundenen monobybriden Diallelic wird die 
Eigenscbaft, auf die man das Augcnmcrk ricbtet, bei den Mannern 
durcb eine einzige Anlagc, bei den Frauen durcb ein Amlagcpaar, 
durcb 2 Anlagen, bedingt. Die Manner bilden toils Gescblecbtszellen, 
denen irgend eine Anlago vollig feblt, die mit der Eigenscbaft zu 
tim bat, imd toils solcbe, wolcbe eine Anlago entbalten und dicse 
beiden Artcn von Gescblecbtszellen werden in gleicb grossem Aus- 
masse gebildet, d. b. fUr beide bestebt die Wabrscbeinlicbkeit i, 
Frauen bilden nur Gescblecbtszellen, die eine Anlago babon. Bei 
der Befrucbtung entsteben toils Individuen, die mu cine Anlage 
der betrcffenden Eigenscbaft aufwciscn und die immer miinnlicbes 
Gescblecbt erbalten, toils Individuen mit zwei Anlagen fiir die be- 
treffende Eigenscbaft, dieso Individuen erbalten immer wciblicbcs 
Gescblecbt. Die Miinncr bilden also zwei Artcn von Spermien und 
das Gescblecbt eincs Individuums wird durcb die Besebaffenbeit 
des Spermiums, das das Ei befruebtet, aus welcbcm das Individuum 
entstanden ist, bestimmt. 

In matbematiseber Hinsiebt stellt die Zusammensetzung dor Be- 
volkerung bei gescblecbtsgebundencr monobybrider Diallelic fur 
Manner das einfaebste Problem dar. 

Wir nebmen, wie vorber, an, dass wir die Zusammensetzung der 
Bevolkerung unter Beriicksiebtigung einer rezessivon Anlage R mit 
der Frequenz r und einer dominanten Anlage D mit der Frequenz d 
bereebnen wolicn. Fiir die Frauen erbalten wir dann dieselben Ver- 
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la tame ™ be. gcwobnlichor monoliybri<ler Diallelie, d i „ 
Wtcn rezossive EigeaeohatoMger oder JiS-Indmdaea aut Z 
Wr 80 l.e,nUebkeit r"- ™4 dominante Hoterozygotea a,it det Wab' 
scucinliclilceit 2rd, so\vie dominante Homozygoten mit der’Wak 
Eclicinliclikeit d=. Bezuglicli der ubrigen Yerhaltnisse verweisenw 
auf das oben iiber monobybride Diallelie Gesagte. 

Fur die Maimer liegen, wie erwabnt, die Verhaltnisse noch ein- 
facber. Die vcrscbiedcnen Arten von Eigenscbaftstiiigem erkltea 
dieselbe Freqnenz wie die verscbiedenen Genarten. Wir erhaltea 
also Individuen mit der rezessiven Eigenscbaft in r Fallen and 
Individucn mit der dominanten Eigenscbaft in d Fallen. Da die 
beiden Anlagcn nicmals glcicbzeitig bei einem Mann voikommen 
konnen, kann nun die cine Aniagc bei den Mannem niemals iiber die 
zweitc dorainieren. Wir wenden die Bezeicbnungen lezessive imd 
dominante Eigenschaftstrager also fiir die Manner nicbt ganz sinn- 
gemaSvS an, die Individucn abet, welcbe die E-Anlage babenunddie 
wir also rezessive Eigcnscbaftstrager nennen, werden im Hinblick 
auf die Eigenscbaft mit den rezessiven Eigenscbaftstragemimteideii 
Frauen ubereinstimmen. 

Es ist nun von besonderem Interesse, dass falls man die Freqnenz 


der rezessiven Eigcnscbaftstrager unter den Mannem keimt,man 
durcb Quadrierung dieses Wertes die Wabrscbeinlicbkeit der rezessiven 
Eigcnscbaftstrager nnter den Frauen erbiilt, oder umgekekt: falls 
man diese letztgenannte Wabrscbeinlicbkeit kennt, eibalt man 
Wabrscbeinlicbkeit der rezessiven Eigcnscbaftstrager bei Mannem 
dadurcb, dass man aus diesem Wert die Quadratvrarzel ziebt, — 
Die Beziebung zwiseben rezessiven Eigenscbaftstiagern bei Mannem 
und unter den Frauen ist ja gemass unseren Formeln 


»r ezess.» Eigensebaftstr. unter Mannem _ £ _ 1 
rezess. Eigensebaftstr. imterTVauen z- r 


Wir kdimen das Gesagte durcb eiu Beispiel beleucbten. Bei em 
Dntersuebung von Knaben und Madcben auf Faxbenblindbeii; ^ 
folgende Werte erbalten (Waaler 1927). Unter den Knaben i 
nope 1 %, Protanomale 1 %, Deuteranope 1 %, Deuteranoma e oi 
insgesamt also rund 8%, Unter den Madcben wiirde maA 
O.oi % Protanope, 0.01 % Protanomale, 0.01 % 

0.25 % Deuteranomale, d. b. insgesamt 0.28 % erwarten. i® ^ 
retiseben Werte wurden nacb den angegebenen Formeln era 
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halten, dass die Frequenzwerte der Ejaaben quadriert worden sind. 
Der beobachtete Wert bei Madcben betragt 0.44 + 0.07 %, der er- 
wartete imd der beobacbtete Wert stimmen somit innerbalb des 
dreifacben mittleren Feblers miteinander liberein. (Man muss aucb 
beriicksicbtigen, dass die beobacbteten Werte bei den Knaben einen 
mittleren Febler aufweisen, der die berechneten Werte beemflusst.) 

Die angegebene Formel besitzt auch aus einem anderen Gesicbts- 
punkt Interesse. Die Eelation zwischen mannlicben und -weiblicben 



r=0 0.2 0.4 0.6 0.8 I.O d = 0 0.2 0.4 O.C 0.8 1.0 

Abb. 7 und 8. Vgl. Text. 


Zahl, d. h. die mannlicben Eigenschaftstrager sind in der in Frage 
koBunenden Population ausserst selten, so werden aber die mann- 
licben Eigenschaftstrager docb xmendlicb viel baufiger vorkommen 
als die weiblicben und letztere infolge dessen viel seltener als die 
mannlicben. Nebmen wir an, dass z. B. die mannlicben Eigeuscbafts- 
trager bei 1:1000 Individuen vorbanden sind, so werden die weib- 
licben Eigenschaftstrager bei 1:1 000 000 vorkommen. 

Fine andere Relation, die aucb Interesse besitzt, ist das Verbiiltnis 
zwiscben weiblicben, latenten Eigenscbaftstragem und marmlicben 
Eigenscbaftstragern, Dieses Verbaltnis wird durcb 2rd : r und ver- 
einfacbt 2(1 — r):l ausgedruclct. Aus diesem Ausdruck ergibtsicb, 
dass falls die mannlicben Eigenschaftstrager selten sind (r nabert 
sicb 0), so werden die latenten weiblicben Eigenschaftstrager an 
Zabl doppelt so viel sein wie die mannlicben Eigenschaftstrager. 
Handeit es sicb um eine baufiger vorkommende Eigenscbaft, so ist 
das Ebergewicbt geringer. Ist die rezessive Eigenscbaft bei der 
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Halfte der ma^ichen Bevolkerung vorWen, so rnadren die ^.eib 
f reff "" ®'g«^.s«^iaftstrager eine gleich grosse AnzaM aus. Isfe die be- 
ffende Eigensciaft noch haufiger vorkommend, so sinkt die 
relative AflzaM der Eigensckaftstrager imter den Frauen nocbaebr 

Die Eelation wird durcli das vorstekende Diagramm veransckuHcbt 

(Abb, 7). 


Das Verkaltnis zwiscken mannlicken dominanten Eigenschafts- 
tragem und weiblichen dominanten Eigensckaftstragern wird durcli 

die Formel ^estimmt, die vereinfackt ergibt. Aus 

dieser Formel ergibt sicb, dass falls die Anlage in einer Bevolkerung 
selten ist {d nabert sicb 0), so werden in der Bevolkerung nahezu 
doppelt so viele weibbcbe dominante Eigenscbaftstrager wie mann- 
licbe vorbanden sein. Kommt die Anlage bauiiger vor, wird das 
tiberwiegen fiir das weibbcbe Gescblecbt vermindert. Stellen die 
maimlicben Eigenscbaftstrager die Halfte der mannlicben Bevol- 
kerung dar, so werden die weiblicben Eigenscbaftstrager f der 
mannlicben ausmacben, d, b, | des weiblicben Teiles der Bevol- 
kerung darstellen. Ist scbliesslicb die Anlage ausserst baufig in der 
Bevolkerung vorkommend {d nabert sicb 1), so werden die mann- 
licben und weiblicben Eigenscbaftstrager so gut wie die gesamte 
Bevolkerung ausmacben und ungefabr gleicb baufig vorkommen. 
Das Verbalten wird durcb das obenstebende Diagramm veranscbau- 


licbt (Abb, 8), 

Erne Voraussetzung, die wir oben die ganze Zeit iiber angewandt 
baben, ist, dass Manner rmd Frauen fiir sicb die Halfte der Bevol- 
kerung ausmacben. In Wirklicbkeit gUt diese Voraussetzung nur 
approximativ. Die Proportion zwiscben beiden Gescblecbtem ist ja 
insoferne etwas abweicbend, als unter den Neugeborenen die j^aben 
ein scbwacbes tlbergewicbt baben, Spater verscbiebt sicb die Pro 
portion so, dass in den boberen Altersklassen die relative 
der Knaben mehr und mebr abnimmt, bis scbliessbcb das er a 
nis umgekebrt ist und wir in boberen Altersgnippen ein crwi^ 
der Frauen erbalten. Die Abweicbung von der an^nommenen xo- . 
portion zWiscben beiden Gescblecbtem ist aber indessen so 1 

dass sie fiir die Probleme, um die es sicb bier bandelt, kaum erne 
spielen diirfte, Wiinscbt man in einem gegebenen FaU ' 

Berecbmingen auszufuhren, so stosst es ja andererseits a 
Scbwierigkeit, die obenstebenden Fonnein in Hinsicbt a , 
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der liicr angeiiommenen Proportion zwisclien beiden Geschlcchtcrn 
<abweichende Proportion zu modifizicren. 


Die Zusammensetzung der Population bci monoliybrider 

Triallclie. 

Bei monoliybrider Triallclie Icommcn Gene vor, iTclclie die Eigen- 
schaften, um die cs sicb bier handclt, in Paaren bedingen iind bci 
der Bildung dieser Genpaarc sind in der Population drei vcrschic- 
dene Arten von Gencn vorhanden. Nacli cincr Bercebnung im Vor- 
bergebenden (S. 25), konnen wir bei dieser Sacblage seebs verscliie- 
denc Arten von individuen crbaltcn, namlicb drei vcrscbicdcne Arten 
von Homozygoten und drei vcrscbicdcne ^irten von Hctcrozj'goten. 
Wir nebmen an, dass cs sicb um cin ^-Gen mit der Wabrscbeinlicb- 
keit r in der Bevblkcrung, cin B-Gcn mit der Walvrscbcmlicbkeit d 
in dcr Bevolkcrung und cin 7-Gen mit dcr Wabrscbeinlicbkcit i 
in dcr Bevolkcrung bandclt. Es ist also r + d + i = 1. Wir er- 
baltcn dann folgcndc versebiedene Arten von Individuen in fol- 
genden Frequonzen: 

R/J-Individucn mit dor Wnlirschcinlichkeit . . . f’, wolclio dio EigcnBclmft 

0 tmd dio I'rcquonz p in 
dcr Bevolkcrung Imbon. 

jDMndividucn mit dor Wnhrsclioinliclikcit • . . 2rd 1 velcho dio Eigcnsohnft 

> A und dio Frequonz g in 
DD-Individuon mit dcr Wnhrschoinlichkeit . . . I jpr Bovolkcnmg Imbon. 

J?/-Individuon mit dor tVnlirsclioinliclikcit ... 2 ri 1 "'clclio dio Eigcnsohnft 

> B und dio Frequonz s in 

. 7i-Individucn mit dcr tVnlirschoinliclikoit — 1 jpr Bovolkorung Imbon. 

jD/-Individuon mit der Wnhrscboinlichkoit ... 2 di, volcho dio Eigonsclmft 

AB und dio Frequonz 
1 — p — q — s Imbon. 

'Wir baben oben angenommen, dass es sicb um zwei dominaute 
und cine rezessive Anlagc sowio um Individuen bandclt, welcbe dio 
beiden dominanten Anlagcn baben, und von beiden Arten von In- 
dividuen, die nur cine dominantc Anlagc besitzen, cine abweicbeude 
Bescballenbeit aufwcisen. Dies stellt sclbstverstiindlicb keineswegs 
die einzige Moglicbkeit dar. Die Moglicbkeit ist aucb vorbanden, 
dass eine Anlagc rezessiv ist, cine andcre Anlagc dominant iiber die 
lezessive imd cine dritte Anlagc, sotvobl iiber die rezessive ivie aucb 
iiber die zweite dominantc Anlagc dominant ist. Wir bebandcln 
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nun indessen die erste Mogliclikeit und nebnen ausserdem an, dass 
die verschiedenen Eigenscliaftstrager, die Frequenz in der Population 
haben, die wir oben im Schema angenommen haben. Aus diesem 
Schema werden dann folgende Gleichungen erhalten; 

r® ='p 

2rd + d^ = q 
2n +i^ = s 
2di = l — f — q[ — ^ 


Aus diesen Gleichungen wird erhalten: 

r - Vi •*’ 

und duroli Binseteen dieses Wertes in die sweite nnd dritte Gleictag: 

i _ VT+s - 


Ausserdem wissen wir, dass 


T + d + i 


Da wir nua die Werte fflr d und i 
er Gmppe AB bereohnen. ® j 

)ies ergibt ffleiclimg: s - + f ; gu^une oit a® ™- 

fZppe kann man also tatt.1- 

aus den Gleichungen berechneten We 

"“Ed mofaybrider Triallelie utolicrdlss® oino A”'”®' 

wii vorher eiwabnt haben. an beachten, 
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R mit der Frequenz r den beiden ubrigen gegeniiber rezessiv ist, 
cine Anlage mit der Frequenz d* sovroH iiber die erstc wic aucF 
uber die zweite Anlage, die Z>i gcnamit wird und cine Frequenz 
dj besitzt, dominiert. Bei diescr Sachlagc erbaltcn wir also drei 
versebiedene Arten von Eigensebaftstragern in der Bcvolkerung. 
Wir erhalten dann folgendc iVrten von Individuen mit folgcnden 
Prequenzen: 

J?i?-Individuen mit dor Wnlirsdioinliclikeit , . .r', wclcho dio Eigcn- 

Bolmft 0 and dio Fro- 
quenz p in der Bo- 
volkoriing Imbon. 

1 ■xvolcho dio Eigcn- 

I>ii?-Individuon mit dor Wniireclioinlichkoit . . . 2rd, I gchnft A und dio 

2?,Z).-Individucn mit dor Wfllirsclicinliclikcit . . . dj f" Frequenz g in dor 

) BovOlkorung Imbon. 

D.B- Individuen mit dor Wnlirscbeinlichkoit . . . Srd, 

B.I), -Individuen mit dor Wnlirscbeinlichkoit ... d; 

BjBj-Individuen mit der Wnhrschcinlicbkcit . . . Sdj d, 

Mit Hilfc diescr Formeln vrerden folgendc Gleiclmngcn erbaltcn: 
r- = f 

2rdi dj — g 

2rdj + dS + 2 rfjd 2 — 1 — p — q 
Wir vrissen, dass 

r + dj + dj = 1 ^8) 

Aus diesen Gleicbungen vdrd erbaltcn: 

r = (9) 

und durcb Emsetzen dieses Wertes in die zw’eitc Gleicbutig 

di == Vp -f q ~ (10) 

Bowie durcb Einsetzen in die dritte Gleicbung 

d, = 1 - }^^T~q ( 11 ) 

und dies ist die einzige Kontrolle, welcbe in diesem Falle aus 2 cfuhrt 
werden kann. 


I wolebo dio Eigcn- 
sclmft B imd dio Fro- 
quonz l—p~g in der 
BovOlkorung Imbon. 
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^ Haben wir also drei verscbiedene Arten voa Eiaensc]nft<!fr'- 
m cmer Bevobcerung, liegt es am nacbsten zu priifen, ob die Freq!m 

er Typen mit dor Aamalime einer mouobybriden Diallelie mitltex- 
mediarer Erblicbkeit uberemstimmt. Aas der Erequenz der Indivi- 
duGii, fur die am meisten Aniass bestebt, sie als Homozygoten zu 
betracbten, wird die Brequenz der betreffenden Anlagen berechuet 
und die Summe dieser Frequenzen soil 1 sein. Aus diesen Frequenzen 
kann man ferner die Frequenz der Heterozygoten berecbnen. Id 
diesen beiden Punlctcn (tlbereinstimmung zwiscben berecbneter und 
gefundener Heterozygotenfrequenz sowie, dass die Summe der Fte- 
queuz der Anlagen = 1 sein soli) kann man mm kontioUieren, ob 
die Zusammensetzung der Population innerbalb der Grenzeu des 
mittleren Fehlers mit dieser Annabme iiberemstimmt. Findet man 
nun, dass dies nicbt der Fall ist, kann die Vermutimg entsteben, 
dass cine monokybride Triallelie mit doppelter Dominanz vorliegt. 
Um zu kontrollieren, ob dieser Mecbanismns vorliegt, berechnetman 
die Frequenz der drei Anlagen. Die Summe dieser Frequenzen soli 
dann 1 warden. Zeigfc sick, dass dies nickt der Fall ist, spricht dies 
dagegen, dass eine monokybride Triallelie mit doppelter Dominanz 
vorliegt. 

Findet man kingegen eine t5bereinstimmung, so bedeutet dies in- 
dessen nickt, dass eine monokybride Triallelie mit doppelter Domi- 
nanz bzw. eine monokybride Diallelie mit intermediarer Brblicbkeit 
vorliegt. Es kann sick um einen verwickelteren Vererbungsgang 
kandein, der aber zufallsbedingt die geforderte tlbereinstinunnng 
mit dem einfackeren Meckanismus ergibt. Ein endgiiltiger Beweis 
kann erst durck die Analyse der Verwandten der Eigensckaftstrager 
erkalten vzerden. 


Die Zusammensetzung der Population, bei 
dibybrider Diallelie. 

Bei dibybrider Diallelie werden die betreffenden Eigenscbaften 
durck zwei Anlagepaare bedingt. Wir nebmen an, dass im ers 
Anlagepaar das Gen Ej die Wabrscbeinlicbkeit rj und das en i 
die Wabrscbeinlicbkeit bat. Im zweiten Anlagepaar nebmen w 
an, dass das Gen die Wahrscheinlickkeit To und das Gen A 
Wabrscbeinliobkeit do aufweist. Die Gene konnen sick nun zu 
genden verscbiedenen Arten von Gentypen kombinieren. 
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mit dor Frequonz 


mit dor Frequonz 
mit dor Frequonz 

BiDjF.Rj mit dor Frequonz 
DiDili.R. mit dor Frequonz 


r’rj, wolclio dio F’." 

Frequonz p i' 

oufwcison. 

2r’r d. 1 wclclio dio Eigenschnft A und dio 
' I .j > Frequonz q in dor Bcvolkorung 
’ J Imben. 

2r d ri 1 weicho dio Eigenschnft B imd dio 
1 r Frequonz s in dor BovOJkoning 
j Jrnbon. 


EjDiK.Bj mit dor Frequonz 4ridjr.dj 

R^D^D.D. mit dor Frequonz ir^didl 

BjBjE.Bj mit dor Frequonz Sdir-d. 

D^DiDfD, mit dor Froquenz dld| 


ivoicho dio Eigenschnft AB und 
dio Frequonz 1 — p — q — # in dor 
Bovolkerung hnbon. 


Wir haben oben angenommen, dass es sicb lun zwei Anlagepaare 
baudelt, von welcben jcdcs aiis eincr rezessiven xmd einer dominanten 
Anlage zusammengesetzt ist, sotvic angenommen, dass die beiden 
dominanten Anlagcn bei gleichzcitiger Anwesenheit keinestvegs iiber- 
einander dominieren, sondem cine Eigenscliaft odor einen Eigcn- 
scbaitskomplex ergeben, dor von den Eigenscbalten abvreicbt, welcbc 
durch cine einzige dominante Anlage in Hetero- oder Homozygotcu- 
fonn bedingt ist. Keimen wir, gemass des oben stebenden Schemas, 
die Frequonz der vorschiedenen Eigenschaftstrager in dcr Bcvol- 
kcrung, so erhaltcn vrir folgcndc Glcichungen, zu deren Ablcitung 
die Bezichungen + dj = 1, r, + d, = 1 also dj = 1 ~rj, d; = 1 ■— r, 
benutzt werden. 


n.ri^p 
na-rl) = 5 
r|(l — rr) = 5 


aus den ersten drei diesor Gleichungcn ergibt sich, dass 


? = (JJ + g) (p + s) 

ist. Die Auflosung nach i\, u u. s. w. ergibt 


und 



’=Vp + q 
= Vp + s 


( 12 ) 


4 43205, (?, Dahlhcrg* 


( 13 ) 



sowie 


nnd 


Ausserdem wissen 



wir, dass 


P -P -?-»)= <1 (1 ->-1) (1 -rf) = }* 

sowie 


(14) 

(15) 

(16) 


(q + 1—p^q^s) (s + l—p-.q^s) = [rf(l-rl) + 

+ (1 — rf) (1 — r|)] [r| (1 — rf ) + (1 ~ rf) (1 ~ 

= (1 - rl) [tI + (1 - rf)] (1 — t\) [rl + (1 - r|)] = 

= (l — ’-i) (!—»•!) = l—?? — ? — s (17) 


Die letzten Bedingtingsgleicliimgen fiir die Verhaltnisse erlaufen 
eine Kontrolle der Werte von bzw. di und bzw. dj, die aus den 
vorliergeliendeii GleicKungen bereclmet wurden, 

Wir baben weiter oben iiber die Zusammensetzung der Bevolkening 
bei dibybrider Diallelie mit zwei dominanten Anlagen, von denen 
keine iiber die andere dominiert, bericbtet. Wir baben aber auch mit 
der Moglicbkeit einer doppelten Dominanz zu recbnen, d. b. dass 
zwei rezessive und zwei dominante Anlagen vorbanden sind nnd die 
eine dominante Anlage iiber die zweite dominiert. Wir erhalten dann 
nacb der folgenden Tabelle nur drei verscbiedene Arten von Eigen- 
scbaftstragern, wobei wir annebmen, dass die Anlage di iiber alia 
iibrigen Anlagen, dominiert. 

mit der Frequenz r\rl welche die Eigenschaft 0 unddis 

Frequenz p in der Bevolkening 
haben. 


mit der Frequenz 2rjridi 
mit der Frequenz r;d| 


■welcho die Eigenschaft A und dio 
Frequenz q in dor Bevoikorung 
haben. 


RyDiR^Rs mit der Frequenz %rjdir\ 
JDiDiEjjR, mit der Frequenz dir? 
R^R^RzEs mit der Frequenz 
RiDj^DjDo mit der Frequenz irididl 
PjiDjjSjDj mit der Frequenz ZcEfrjdj 
mit der Frequenz d\dl , 


welche die Eigenschaft B und die 
Frequenz 1 — ^ 7 — ? in dor BovoJko- 
rimg haben. 
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Kcnnen wir gemtiss des obcn stclicndcn Sclicmas die Frequenz 
dcr vcrscliiedcnen Eigensclinftetrager in dor Bcvolkcning, crhalten 
■wir folgendo Gleicliungeu. Wir benutzen dann, dass ri + dx = 1 
imd folglicli di = 1 — ^x sowic, dass r, + dj = 1 und lolghcb do = 
= 1 — ro. 

o o 

n.r« = p 

nil— 4) = 2 

4ii-n) + = = 


was ergibt 

n = +3 

(18) 

und 

11 

(19) 

sowic 

dj = 1 — Vp + g 

(20) 

und 


(21) 


Die Zusammensetzung dcr Population bei 
pol^Tncrer Diallclic. 

Bei diescr Form von Vererbung bandelt cs sicb iim cine grosserc 
Oder geringere Anzabl allelcr Genpaarc, in wclcbcn jcdcs Gen nnf 
gleicbartige Weise vrie die andcren Gene wirkt, ■weswegen also dieses 
Gen durch ein (odcr melirere) andercs Gen ersetzt verden kanu, ohne 
dass dies irgend einen fcststcllbarcn Untersebied im Hinblick anf 
die Eigensebaftsbesebaffenbeit des Individuums bedingt. 

Wir nebmen an, dass cs sicb um die Genpaarc i)x i2i ; -Da iJo ; 
BjEg . . . . D^R„^ bandelt, wclcbc die Frequenz ; dor, ; . . . 

d^r^ baben. Kombinieren sicb die Gene zufallsbediugt zu Gameton, 
so erbalten wir die Genkombinationen, die sicb aus dcr folgcndcn 
Ausdruck ergeben; 

(di + rj) . (do + r„) , (dj + rj) . . . (d„, + r„,) . 
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^ Nimmt man dam an, dass die Gameten sicli zufallsl)edm<»t mit 
emander vereinen, so erhalten wr die Frequenzen der Zygotenkombi' 
nationen durcli Multipl^ation des oben stebenden Ausdruckes mit 
sich selbst. Die verscbiedenen Zygotenkombinationen wrdea also 
die Frequenzen bekommen, die aus der folgeaden Aasdtack erkalten 
werden: 

[(di + r^) . {di + r^) . {d^ + r^) . . . + rj]2 

Nebmen wir nun an, dass die verscbiedenen Gene eine geoan 
ebenso grosse Wirkung baben, so wird eine Zygote mit nnr jR-Genen 
die Gxnndbescbatf enbeit baben, -wabrend bingegen eine Zygote mit 
einem D-Gen und im iibrigen F-Genen sozusagen um eine Eiabit 
von der Grundbescbaffenbeit abweicbt; ferner kann man sagen, dass 
eine Zygote mit zwei D-Genen zwei Einbeiten von der Grundbescb!- 
fenbeit abweicbt u. s. w, Wir nebmen nm ausserdem an, dass alle 
D-Gene gleicb baufig vorkommen {Frequenz = d) und alle k-Grae 
ebenfalls dieselbe Frequenz (= r) besitzen. In diesem Falle veieiii- 
facbt sicb der oben stebende Ansdruck auf 

(r + df”* 

1st r = (? = I, d.b. kommen die R- und D-Gene gleicb bauiigYor, 
so erbalten wir eine binomiale Verteilung, Individuen, die nw 
jR-Gene besitzen, werden relativ selten vorkommen und IndividafD, 
die nur D-Gene besitzen, sind ebenfalls verbaltnismassig seta. 
Zwiscben diesen Extxemen erbalten wir eine sogenannte bmoraisJ^ 
Verteilung deren grapbiscbe Darstellung sicb bei einer grossen A® 
zabl von Eigenscbaften der Gausscben Feblerkuxve annabert. Big® 
scbaften, welcbe dutch einen solcben Vererbungsmecbanismus k- 
dingt werden, miissen also eine Verteilung ergeben, die mit einer Iwi 
malkurve ziemlicb nabe ubereinstimmt, Wie die Verteilung ™ ^ ^ 
gen. aussiebt, berubt in erster Linie darauf, ob es sicb um stre o 
erblicbe Eigenscbaften bandelt, welcbe nicbt duxcb das Mili^ 
einflusst werden, oder ob das Milieu eine grossere oder geiirg ^ 
Variabilitat veruisacbt. Im ersten Falle werden wir eine ° 

mit scbarfen Grenzen zwiscben den Klassen erbalten. Wir er a ^ 
ein Polygon, das mit irgend einer binomialen Verteilung u 
stimmt und aus der Anzabl der scbarf voneinander getrennten 
sen kann man in diesem Falle berecbnen, um wie viele po 7® 
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Anlngcn gs sicli lijindclt. Haiidclt cs sicli z. 33. uiu drci Anlagcpan-rc, 
so erhaltcn. wir in dicscm Fallc folgendc Frcqiienz der vcrscFiedcncn 
7 Klasscn 1 : 6 : 15 : 20 : 15 : 6 : 1. 

Dieser Spezialfall diirltc indossen so selten sein, dass er in Wirk- 
liclikcit kauni vorkommt. Erstens hat wohl das Milieu auf die Eigen- 
scliaften, um die es sick hier handelt, immer irgend cine, u’cnn anch 
geringe Wirlaing. JIan kann crwartcn, dass sick diese Wirkung nack 
einer Wakrsckcinlickkeitsgleickung fiir jedc crblick vcrsckiedenc 
Klasse von Eigensckaftetragcm vertcilt. Die Bcvolkcmng vird dann 
cine Vcrtcilung nack einer Wakrsckeinlickkcitsfunktion crgeken, die 
aus mekrercn ■\Vakrschcinlickkcitsvertcilungen zusamraengcsetzt 
wird. Einc dcrartige ziisaramcngcsetzte Knrve isb in der Rcgel nickt 
aufzulosen, oknc dass man cine ganzc Reihe willkurlicker Annakmen 
mackt. Durck cine niikcrc Analyse dcs Erblickkcitsganges durck 
Familicn nnd Gescklechtcr kann man aber cinigc Ankaltspunkte 
fiir cine solcke Aufteilung crkaltcn. 

M’^ir sind indossen bcrcits in dcm Ictztercn Falle von stark sckcma- 
tisierten Ansgangspunktcn ausgcgangen. Es ist kaum wakrsckein- 
lick, dass die R- und D-Genc glcich kiiulig vorkommcn. Kommcn die 
D-6enc kiiufigcr vor und kandclt cs sick um cine gcringerc Anzakl 
polymerer Gene, so kabcn vir cine mokr odcr minder sckiefe Ver- 
tcilung zu crwartcn. Handelt cs sick kingegen um cine grosso .!\jizakl 
von Genen odcr kaben die Gene in den vcrsckicdcncn Paaren Frequen- 
zen, die in entgegcngesctztc Ricktung geken (Icomrat also in eincra 
allelen Paar das D-Gcn kaufiger vor als das J2-Gcn, in cinem andcren 
allelcn Paar das R-Gcn kaufiger als das D-Gcn), so wird die Sebief- 
heit der Vcrtcilung gcringer werden und viellcickt versekwinden. 
Wir sind davon ausgcgangen, dass Z?-Gcnc iibcr i?-Gene dominicren. 
Man hat natiirlick auck die ^loglickkcit mit intermcdiiircr Vererbung 
zu rccknen, d. h. dass 1?D-Individucn eines bcstimintcn Anlagcpaarcs 
cine Zunsckenstellung zwiseken RR- und DD-Individuen cinnekinen. 

Wir konnen also zusamraenfassend sagen, dass wir bci polymerer 
polykybridcr Diallelic wakrsckcinlick cine Vcrtcilung crkaltcn, die 
mckr odcr minder gut mit einer ■\Vnkrsckcinlickkcitslairve iiberein- 
stimmt, aber eine mckr oder minder ausgeprligte sckiefe Verteilung 
aufweiscn kann. Man kann sick selbstverstiindlick auck vorstellen, 
dass die Vcrtcilung einen Exzess aufweist. Dieser kann moglicker- 
weisc auf Grand der modifizierenden IVirlaing dcs Milieufak-tors 
entstanden sein. Haben die Faktoren einc variierend Icriiltige Wir- 
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kung, so kann man sick anck vorstellen, dass 
Faktoren berukt. 


sie auf crklichen 


_ Im ubrigen soil kervorgekoben werden, dass man dasselbe Ergeb- 
ms zu erwarten kat, wenn es sick nm cine polymere Polyallelic handelt. 
Es diirfte sick eriibrigen, die Gedankengange liber diesc niiker zii 
entwickeln, da diese analog mit denen sind, die anliisslick nnscrer 
vorkergekenden Gberlegung aufgebaut wurden. 

Als Beispiel fiir Eigensckaften, von welcken man annekmen kann, 
dass sie einen Vererbungsmeckanismus von dieser Art kaben, kann 
die menscklicke Korperlange angefiikrt werden. Durck antkropolo- 
giscke Untersuckungen weiss man, dass die Korperlange in Populv 
tionen eine Verteilung aufweist, die ziemlick gut mit eincr Normal- 
kurve libereinstimmt. In dem Material der meisten Autoren findet 


man auck eine nnbedeutend sckiefe Verteilung und mitunter auch 
einen weniger bedeutenden Exzess, Es ist okne weitcres klar, day 
die Variabilitat teilweise duxck Milieufaktoren bcdingt wird. £> 
wurde aber nackgewiesen, dass der grosste Teil der Variabilitat von 
Vererbungsfaktoren kerstammt. Da man trotzdem eine solcke Ycr- 
teilnng erkalt, muss dies darauf bemken, dass die Vererbungslak- 
toren auck eine Verteilimg nack einer Normalkurvc verursackn, 
was mit ziemlick grosser Sickerkeit darauf kinweist, dass es sich iim 
einen polymeren Vererbungsmeckanismus kandelt. Gegenwartig 
ist es aber rmmoglick, das Problem naker zu analysicren undzu 
entsckeiden, um wie viele Vererbimgsfaktoren es sick kandelt, cine 
wie grosse Wirkung jeder derselben besitzt, sowie mit vclckr 
Erequenz die entspreckenden Gene in einer bestimmten Bevollv 
rung vorkommen. 


Die Zusammensetzung der Population bei komplizicrlcrcn 
Formen der Vererbung. 

Im Vorkergekenden kaben wir die Zusammensetzung der Fop’ 

lation bei monokybrider DiaUelie, gescklecktsgebundcner monohy- 

brider DiaUelie, monokybrider TriaUelie, dikybrider Djallclic um 
polymerer DiaUelie bekandelt. Nack dem Muster der Bcrcc m 
arten, die wir kierbei angewandt kaben, diirfte cs auf keinc^ - 
Sekwierigkeiten stossen, Gleickungen fiir etwas komp izic 
erbungsformen aufzustellen. Generelle Formcin fiir ic ' , 
nen mogUcken Vererbungsformen, die vorstellbar sind, 0111/11-“; 



diirfte aus praktisclien Gesiclitspunkten katim lolinend sein. Man 
muss sicli daran crinncm, dass wir mit eincr imcndliclien Anzalil 
von vcrsckiedenen Mogliclikeiten zu rcclmen kabcn. Es kann sick 
erstens tun einc vdllkurliclic Anzakl allcler Gene (Polykybriditat) 
handebi. Zweitens kann man sick fiir jcdcs Paar cine villldirlicke 
Anzakl von Genen vorstellen, von denen nur zwei in cinem bestiinm- 
ten Paar cntkalten sind (Polyallelic). Drittens kaben tvir im Hin- 
blick auf den Ckaralcter der Eigcnschaffc mit der Sloglichlccit zu reck- 
nen, dass eine einfacke oder in versekiedenem Grade vielfacke Do- 
minanz vorliegt, ferner mit der Moglickkeit, dass eine inter- oder 
extramediiiro Vererbung vorhanden ist. Scklicsslick kat man auck 
an die Moglickkeit eine gcscklecktsgebundcne Vererbung zu denken. 

Kennt man die Anzakl der Eigensekaftstriiger in einer Bcvolkcrung 
im Hinblick auf crblick zusammengckorcnde Eigensekaften, so kann 
man mit Hilfe der Formcln, die tvir oben gefunden kaben odor mit 
Hike fiir den besondcren Fall aufgcstelltcn Formcln tvenigstens 
manchmal zu dem einfachsten vorstcllbarcn Vcrcrbungsmechanis- 
mus gelangen, der mit der Frequenz der Eigensekaftstriiger iiber- 
einstimmt. Dass in dcr Wirklickkcit kein vcrwickelterer Jlcckanis- 
mus vorliegt, ist aber deswegon nicht betvicsen. Bestimmten Wer- 
ten kann ebon so gut durck cine oinfackcrc als auck durck cine 
komplizierte Vcrcrbungsformel fiir die Bcvolkcrung Gcniige getan 
tverden. Unter solcken Vcrkiiltnisscn ist cs selbstverstandlick am 
ricktigsten durck Untcrsuckungcn von Familienkreisen und Gc- 
scklecktern zu versuckon, einc Vorstellung zu crkaltcn, tvclckcr Ver- 
erbungsmcchanismus in cinem gegebenen Fall vorliegt und zu ver- 
suchen, das Ergebnis durck cinen Vergleick mit den Vcrkiiltnisscn 
in der Population in ikrer Gesamtheit zu vcrifizicren, falls kierzu 
Material zur Verfiigung stekt. Nun ist aber die Sacklagc die, dass 
tvir fiir die mcisten Eigensekaften keine populationsstatistisckcn An- 
gaben besitzen. Aus diesem Grunde ist ein soldier Vergleick nur 
ausnahmstveise moglick und dies stcllt cinen tveiteren Grund dafiir 
dar, dass tvir cs nicht der ^liikc tvert crackten, auf die versekiedenen 
Moglickkcitcn dcr Zusammensetzung der Populationcn aus Erb- 
lickkeitsgcsichtspunlrtcn niiher cinzugcken. Indessen kaben tvir aber 
bei der verkiiltnismiissig luirz gefassten und unvollstiindigen Unter- 
suchung, iiber die tvir tveiter oben bericktet kaben, getvisse allge- 
meine Sckliisse crkaltcn, die teils an und fiir sick damit recknen 
konnen, Interesse zu finden und die toils auck bei der Aufstellung 
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von Eormeln, die in der Methodik der Vererbtmgsforscimng nngc- 
wandt werden, benntzt werden konnen. Urn diesc ScWusse bcsser 
bewerten zu konnen, ist es indessen notwendig, niibcr z\i crmltteln, 
in welckem Ansmasse die grundlegende Yoraussetzung, dass in cincr 
Bevdlkerung eiae Panmixie stattfindet, als mit zuvcrlassiger Gc- 
nauigkeit nacbgewiesen anzuseben ist. 



Die Einwirkung der Mutationen auf die Zusam.' 
mensetzung der Popidation bei Panmixie. 


Wir wissen aus der zoologisclien iind botanisclien Vererbvmgs- 
forscbimg, dass Mutationen mebr oder minder selten aus unbekann- 
tem Aulass bei verscbiedenen Organismen auftreten. tlber das Vor- 
kommen von Mutationen beim Menschen wissen wir indessen kaum 
etwas oder nichts. Wir baben keine exalcte Vorstellung iiber ihre Fre- 
quenz, wir wissen aber, dass sie sekr seltene Phanomene sein miissen; 
anderenfalls wiirde ja rmser Beobachtungsmaterial nicbt so spar- 
lich sein. HALDAiTE (1935) hat versucht die Mutationsfrequenz 
fiir gewisse Eigenschaften zu berechnen xmd erhielt den Wert 10~^, 
Bereits aus der Tatsache, dass Mutationen sehr selten vorkommen 
miissen, folgt, dass ihre Bedeutung fur die Zusammensetzung der 
Bevolkerung, insoferne man dieses Problem nur fiir eine kurzere 
Zeitspanne betrachtet, sehr gering sein djiifte. Vergleichen wir die 
Zusammensetzung der Bevolkerung mit dem Zwischenraum von 
einer oder einigen Generationen, so kann man ohne weiteres davon 
ausgehen, dass eventuell auftretende Mutationen so selten sind, dass 
sie keinen deutlichen Unterschied zwischen den beiden Generationen 
verursachen konnen. Haeraus folgt aber keineswegs, dass Mutatio- 
nen eine gleichgiiltige Brscheinung darstellen, wenn man die Ent- 
wicklung einer Bevolkerung wahrend eines sehr langen Zeitraums 
untersuchen will. Trotzdem Mutationen selten sind, ist es aber nicht 
ausgeschlossen, dass sie gegebenenfalls ziemlich deutliche Veran- 
derungen verursachen. 

Wir gehen von einer Bevolkerung mit Panmixie aus xmd n eb m en 
an, dass Mutationen in erster Linie in Form von Heteroz 5 ^goten auf- 
treten, welche die mutative Anlage R besitzen. Wir nehmen ferner 
an, dass die Frequenz der Mutationen der Gene wahrend einer Gene- 
ration fi ist. Ausserdem nehmen wir an, dass die mxxtierten Indi- 
vidxxen dieselbe Aussicht haben sich zu vermehren xvie die anderen 
sowie, dass xmter den mutierten Individuen keinerlei Mutationen 
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i~a-jur. 


Die Frequenz der niclit mutierten Gene wird 

(1-jur. 


( 22 ) 


(23) 


Gelit man davon aus, dass /i einen selir niedrigen Wert besitzt, 
so wird der Ausdruck nalierungsweise fiir die mutierten Gene 


1 — 

und fiir die nickt mutierten Gene 


(24) 


e~'^" (25) 

Avobei 71 die Anzabl Generationen und /i die Mutationsfrequenz per 
Generation bedeutet, nue im Vorbergebenden. 

Aus der Formel ergibt sicb, dass falls die Mutationsfrequenz sich 
Null nabert, so wird die Zusammensetzxmg der Gene der Bevolkerung 
anfanglicb nicbt merkbar verandert. Erst nacb einer sehr langen 
Zeit wird die Wirkung sicbtbar und nacb einer unendlicben AnzaU 
von Generationen sind alle Gene mutiert. Nun bat man in der Wirk- 
licblceit nicbt mit imendlicben Zeitraumen zu recbnen, femer be- 
sitzen die mutierten Individuen, bei welcben sicb die Aniage mam- 
festiert, oft nicbt dieselbe Aussicht sicb fortzupflanzen wie die, bei 
welcben die Eigenscbaft feblt, welcbe durcb das mutierte Gen be- 
dingt wird. In einigen Fallen baben die Eigenscbaftstrager eine gros- 
sere Aussicbt sicb fortzupflanzen und die Verandenmg gebt dann 
scbneller vor sicb, als es die oben stebende Formel angibt. In anderen 
Fallen baben die neuen Eigenscbaftstrager eine geringere Aussicbt 
sicb fortzupflanzen und der Prozess gebt dann langsamer vor sicb 
Oder bleibt in einer Gleicbgewicbtslage steben oder die Mutation 
stirbt aus, Probleme dieser Art baben, wie oben angedeutet, cm 
sebr grosses Interesse fiir die Erklarung der Entstebung neuer Arten. 
Fiix das menscblicbe Gescblecbt besitzen diese Probleme aber eine 
geringere Bedeutung, Unsere Moglicbkeiten, die Zukunft vorauszu 
seben, sind sebr begrenzt, weswegen es kaum Interesse besitzt, emeu 
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Versucli zu unternelmien, um zu beredmen, was nacb einer grosseren 
Anzahl von Generationen gescbehen sein wird. Man kann verschie- 
dener Auffassung sein, was man unter einer grosseren Anzabl von Ge- 
nerationen versteht. Deswegen soil hervorgelioben werden, dass falls 
man als sog. „lustoriscbe“ Zeit 6 000 Jabre nimmt und rechnet, 
dass jede Generation 25 Jabre nmfasst, so entspricbt diese Zeit 240 
Generationen. Bei einer Fliege, mit einem zeitlicben Abstand zwi- 
scben den Generationen von einem Monat, wiirde dies ungefabr 20 
Jabren entsprecben. Im weiteren Verlauf dieser Arbeit soil die Frage 
nacb der Bedentimg der Mutationen in der Besprecbung der Ein- 
wirkung der Selektion beim Menscben beriibrt werden. 



Die Wirkung der Selektion auf eiue Bevolker 


ung. 


Totale Selektion. 


Vieic Ursacken konnen es bedingen, dass Individuen mit einer 
bestimmten Zusammensetzung der Erbmasse eine niedrigere Fruclit- 
barkeit baben als die Bevolkcnmg im Durchsclmitfc. Die Zusammen- 
setzung der Erbmasse kann dazu fiibren, dass sie vor dem geschlechfs- 
reifen Alter sterben, dass die Individuen steril werden oder dass 
ihr Wert vom Gesicbtspunkt der Ebe aus besonders niedrig wird. 
Sterilisierungsmassnabmen oder andere in rassenbygieniscber Hin- 
sicbt vorgenommene Massnabmen konnen Individuen mit emem 
bestimmten Vererbungstypus an der Fortpflanzung verliiiidem 


u. s. w. 

Um die prinzipielle Wirkung der Selektion zu veranscbauliclieii, 
geben wir davon aus, dass alle Eigenscbaftstrager von einem be- 
stimmten Typus vollstandig daran verbindert werden, sicb fortzu- 
pflanzen (totale Selektion) und ferner davon, dass eine monoliybride 
Diallelie vorliegt. 

Es ist dann obne weiteres klar, dass falls die dominanten Eigen- 
scbaftstriiger an der Fortpflanzung verbindert werden, so wild die 
Eigenscbaft sofort in der Bevdikerung ausgerottet. Dies ist ohce 
Zweifel die Ursache dafiir, dass erblicb bedingte, scbwere Krank- 
beiten, die sicb regelmassig im Alter vor der Gescblecbtsreife aussem 
tmd dominant vererbt werden, praktiscb genommen, nicbt vorkom 
men. Solcbe Eigenscbaftstrager kommen ja selten oder niema® 
dazu sicb fortzupflanzen tmd konnen deswegen ihre i^nlage au 
keine Nacbkommen ubertragen. Ein praktiscbes Beispiel 
diese Verbaltnisse stellt die juvenile amaurotiscbe Idiotie dar. m 
der, die an dieser erblicben Krankbeit leiden, beginnen im Alter vo 
6 — 8 Jabren Verandenmgen in Form von Abstumpfung des nte 
lekts und einer allmablicb eintretenden Erblindung zu zeigen. ^ 
Prozess scbreitet dann fort, so dass die Kinder sterben, bevor sie 
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orwnclisen siiul. Wiirilo iHosc Eigciisclinft nls cine monoliyl)ri(le, 
(lomiiinnto Eigonpchnft vcrorbt, wiinlo sic. nncli cincr (n'licratiou in 
(Icr Bcvblkcning vcr^clnvuinlcn Fcin. Sic Icnmi niclit nnf dicFO cisc 
vcrcrht wenlcii, woil iM’gciischnftsfriigcr voricoimucii, weiin niich 
ill nicdrigcr Froqucnr,. 

I'ilr die rczcssiirn ICipciischnft^fragcr )!=(• iii<.' iSncldagc cine viillig 
nndero, Wir nchnicn an, dn.‘;,‘i cs sidi «ni cin 7^-Gcn handoU, das die 
Frcqucnr, r lint. Die rcrcpsivcn Kigcnf<(dinft.‘i(nigor, die /I’/Mndivi- 
ducn, liabon folglirli die Frcqucnr. t\ L^-frierc ivcrdcn nun damn 
pchimlert, sich fortrupflanrcn. Die (tarncten, wclclie die niiclipfc 
Generation ent5tclicn la.'^^f'U iviirdcn, werden nun mn dic!;(' Anr.nld 
vennindert und ilirc Frcqiicn;: wird xd^o 1 — r’; untcr dic.'-pn Ga- 
nieten finden picli r — r- F-Ganu-ten. In di'r folgcndcn Generation 
orgiht ^•ich al.^o <lie Frcqucnr dcr 7i’-Ganu (cn r.: 


r — r* r 



llicraus folgt, da?;'; in dcr nachsten Generation 7i’7Mndividucn rnit 
dcr Frcqucnr. 



auft reten. 


Diese Kipcnteliafl.^tragcr nerden mm wieder vcrliimicrt .<^ich fort- 
rujdlanrcn und die niidnitc Generation win] n!‘ai von d'T folgcndcn 
Anrali! von Gnincten jirodur.iert: 



Untcr dicycn Gamctcn befindet .^icb die folgf'ndo Anrald von J!- 
Ganietcn: 



Setron wir die Reehnung auf dic.m; \VciM> fort, .so findon wir, dass 
die I'rcquenr der 7i’-Gn!nctcn in dcr dritfen Generation, r,. die fol- 
gendo i.st; 


1 -! 


r 



G2 


sowio, dass scffiesslich k dor Generate to fe,aaaa k 


l + (n_i)/ 


Es Eann leicht gezeigt werden, dass wem die Formel fiir n Gene 
lationen g,It, sic anch filr » + 1 Ueneraticnen Giiltigteit besiw 

scfl ? "7 T ““*“"”6 < i « w ™; 

actzmg dcr Zygoten in emer Popniation naoh n Generationea an 
SO erlialten wir folgende Eormeln: ’ 


Erequenz der rezessiven Eigenscliaftstrager RR: 

1 

”~[l + {n-l).rp 
Erequenz der Heterozygoten ED: 


^ 2r[l + (n~2}-r] 
— — — 


[l + (w-l)-rp 
Erequenz der domiuanten Homozygoten DD: 

dl 


(26) 


(27) 


fl-f (n-2)-r]2 


IGt Hilfe dieser Eormeln wurde das Diagramm in Abb, 9 konstru- 
iert und die Tabelle 2 aufgestellt. Das Diagramm zeigt, wie die Pro- 
zentwerte fiir die verscbiedenen Arten von Individuen in einer Po- 
pulation verscboben werden, wenn die rezessiven Eigenscbaftstrager 
immer daran verbinderfc werden, sicb fortzupflanzen. In der Ausgangs- 
generation besitzen die rezessiven Eigenscbaftstrager die Erequenz 
25 %. Sie werden anfanglicb sebr scbnell ausgerottet. Bereits in der 
vierten Generation ist ihre Erequenz auf 4 % gesunken. Geben wr 
bingegen von einer Bevolkerung mit 0.1% Eigenscbaftstragern aus 
(30. Generation im Diagramm), so sinktibre Erequenz in 10 Generatio- 
nen nicbt voll auf die Halfte (0.06%). Es ist aucb auffallig, dass die 
Wirkung auf die Heterozygoten bedeutend scbwacber ist, Zwiscben 
der vierten imd neunten Generation wird die Anzabl der rezessiven 
Homozygoten von 4 % auf 1 % vermindert, wabrend bingegen die 
Heterozygoten nur von 32 % auf 18 %. Nacb 100 Generationenbaben 
wir nur 0.01 % Eigenscbaftstrager, aber 1.96% oder beinabe 200 ma 
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Abb. 9. Abnehmende Hanfigkeit der rezesaiven Merkmalstrager bei verhin- 
derter Fortpflanzung derselben. 


TABELLE 2. 

Hanfigkeit von Individuen verschiedener Genotypen in aufeinanderfolgenden 
Generationen bei monohybrider Diallelie nnd totaler Selektion rezessiver Eigen- 
schaftstrager. Vgl. Formel 26, 27 nnd 28. 


Generation 

ER 

ED 

DD 

1 

0.2500 

0.5000 

0.2500 

2 

0.1111 

0.4444 

0.4444 

3 

0.0625 

0.3760 

0.5025 

4 

0.0400 

0.3200 

0.6400 

5 

0.0278 

0.2778 

0.6944 

6 

0.0204 

0.2449 

0.7347 

7 

0.0156 

0.2188 

0.7656 

8 

0.0123 

0.1975 

0.7901 

9 

O.OlOO 

0.1800 

0.8100 

10 

0.0083 

0.1653 

0.8264 

20 

0.0023 

0.0907 

0.9070 

30 

O.OOlO 

O.0C24 

0.9365 

40 

0.0006 

0.047G 

0.9518 

50 

0.0004 

0.0384 

0.9612 

100 

O.OOOl 

0.019G 

0.9803 
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SO viele Heteroygoten. Dies bedeutet also, dassdieSelektion 
licb auf die_ Eigenscbaftstrager eine kraftige Wiikung ausiibt. da5s 
diese aber memals vollig ausgerottet werden, sowie, dass die Wirkune 
auf die Hetero^ygoten bedeuteud scbwacber ist. Aucb nach eker 
se^ grossen Anzabl vou Genexatioueu und emer Selektion von der 
starksten vorstellbareu Axt kdnneu sie in einigen Piozent in der 
Devolkerung nocb vorbanden sein. Dies stimmt mit dem Scbluss 
liberein, zu dem wir vorber gelangt sind, dass namlicb, falls die re- 
zessiven Eigenscbaftstrager sehr selten sind, die Heteiozygoten doch 
relativ zablreich vorkommen. 


Handelt es sicb urn eine Selektion, bei der die Eigenscbaftstrager 
Tolistandig an der Fortpflanzung verbindert werden, so denkt man 
gerne an Sterilisiemngsmassnabmen. Die Sachlage bierfiir isfcja 
die, dass man eine kleine Gruppe von Mitbiirgem als weniger gc- 
eignete Eltem einer kommenden Generation ansiebt, weswegenmaa 
sie verbindert sicb fortznpfianzen. Handelt es sicb bei dieser Sack 
lage darum, die zu erwartende Wirkung zu berecbnen, so muss man 
selbstverstandlicb erst ermitteln, wie die Fortpflanzung der Grappe 
•wabiscbeinlicb ausgefallen ware, wenn die Sterilisierungsmassnak 
men nicbt vorgenommen worden waxen, Fernet muss man to 
Vererbungstypus fur die Eigenscbaften, um die es sicb hamieit, 
kennen, Scbliesslicb muss man selbstverstandlicb aucb vissen, 
welcbe Fiequenz die verscbiedenen Eigenscbaftstrager besitzen, 
welcbe die Gruppe zusammensetzen. Die Gruppe ist ja sicber niclit 
einbeitlicb (z, B. bestebt die erblicb bedingte Blindbeit aus minde- 
stens etwa 10 Typen). Bestebt die Gruppe z. B, aus eiuer sebr gtos 
sen Anzabl verscbiedener Eigenscbaftstrager, von denen jede Ait 
fitr sicb sebr selten ist, so ist es Mar, dass man nicbt Berechmmgen 
imter der Voranssetznng ansfubren darf, dass die Gruppe bomogtn 

ist. Die Wirkung der Selektion, gericbtet gegen eine ausserst seltene 
Eigenscbaft, ist ja sebr nabe Null. Ricbtet man die Massnabmen 
gegen mebrere verscbiedene Axten seltener Eigenscbaftstrager, -o 
wird der gesamte Effekt ebenfalls sebr klein und keineswegs so grosa, 
wie er erwartet werden kann, falls die Gruppe bomogen geve 
ware und aus einer einzigen Art von Eigenschaftstragem bests 


batte. 
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Partielle Selektion. 

1st Tmn die Selektion ■weniger effektiv, so dass nur ein Teil der 
Eigensckaftstrager an der Eortpflanzung verliindert wird (partielle 
Selektion), so gelten im. Prinzip dieselben Schliisse, wie sie oben ge- 
zogen wnrden. Der Prozess gebt nur langsamer vor sicb. 

Wir untersucben in erster Linie die mondhyhnde Rezessivitat. 
Wird in jeder Generation ein Anteil = k der Eigenscbaftstrager 
an der Fortpflanzung verbindert und bedingt dies, dass in der n-ten 
Generation der Gebalt an einer rezessiven Anlage, die urspriing- 
licb die Erequenz r aufwies auf r„ vermindert wird, so wird in die- 
ser Generation die Erequenz der Anlage um lcr„ vermindert und eine 
entsprecbende Verminderung tritt aucb fiir die gesamte Bevolke- 
rung ein. Deswegen werden die Eigenscbaftstrager in der nacbsten 
Generation R^+i die Erequenz 

erbalten. (29) 

Mit Halfe dieser Rekursionsformel konnen die Werte fiir aufeinan- 
der folgende Ausdriicke berecbnet werden. Die Eonnel driickt aus, 
dass die Erequenz der rezessiven Anlage anfanglicb schneller ab- 
nimmt und dann langsamer (vgl. Tab. 3 imd Abb. 27 und 29). Tbeo- 
retiscb geseben muss der Prozess mit sicb bringen, dass nacb einer 
unendlicb langen Zeit die Anlage aus der Bevolkerung verscbwindet. 
Man kann dies auf folgende Weise veranscbaulicben. Nebmen wir 
an, dass in einer Ume scbwarze und weisse Kugeln vorbanden sind. 
Wir nebmen nun paarweise Kugeln aus der Urne und legen sie in 
eine neue Urne. In dem Fall, in welcbem man nun zwei scbwarze 
Kugeln in einem Paar erbalt, wird das Paar weggeworfen, und zwar 
in emer gewissen Erequenz. Man erbalt dann einen niedrigeren Ge- 
balt an scbwarzen Kugeln in der Urne Nr. 2 als in der Nr. 1. Eiibrfc 
man solcbe tiberfubrimgen in neue Urnen nacb und nacb aus, miis- 
sen scbliesslicb alle scbwarzen Kugeln paarweise so oft zusammenge- 
troffen sein, dass sie alle weggeworfen wnrden. Nacb einer unendlicb 
langen Zeit miissen deswegen die scbwarzen Kugeln verscbwunden 
sein (mit einer Ausnabme; die letzte scbwarze Kugel kann, wenn 
die Anzabl imgerade ist, niemals in einem Paar scbwarzer Kugeln 
enthalten sein und deswegen nicbt weggeworfen werden). 

5—43205. 0. DaMberg. 
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TABELLE 3. 


Effett von pn^ellor SeletH.n in .nfeinonjerfolgend™ 
ncmr. monohybrito DMdie, w.„n die Selehlon n».*„ 
trager von variierender Starke ist. Vgl. Fennel 29. 


Generation 

k — 0.01 

k = 0.05 

11 

P 

>-* 

o 

k = 0.25 


k = 0.75 

0 

O.oioooo 

O.oioooo 

O.oioooo 

0.010000 

O.oioooo 

mil 

1 

0.009982 

0.009910 

0.009821 

0.009554 

O.0091I6 


2 

0.000964 , 

0.009821 

0.009D46 

0.009136 

0.008342 


3 

0.000946 

0.Q09733 

0.009475 

0.00S745 

0.007661 


4 

0.000928 

0.009G47 

0.O093O9 

0.008377 

0.007059 


6 

O.OOOQIO 

O.Q095C2 

0.009147 

0.008032 

0.0D6524 


6 

0. 009892 

0.009478 

0.008989 

0,007707 

0.006047 

O.G04825 

7 

0.009874 

0.009395 

0.008835 

0.007401 

O.005620 

O.00436T 

S 

0.009856 

0.009313 

0.008685 

0.007112 

0.005236 

0.003971 

9 

O.009838 

0.000232 

0.008539 

0.006840 

0.004890 

0,003615 

10 

0.Q0Q821 

0.009152 

0.008396 

O.00658S 

0.004576 

O.003323 

15 

0.009735 

0.0087C7 

0.0077S2 

0.005487 

0,003379 

0.00225S 

20 

0.009650 

0.008405 

0,007142 

0.004639 

0,002594 

0.001633 


Mathematiscli hat J. B. S. Haldane (1924) auf folgende Artle- 
wiesen, dass der Prozess zu einem Verschwinden der Anlage fi&ea 
muss. Der Unterscliied zweier aufeinander folgender Termen ist 

7 .5 

^'» + l ~ 


Die Zeit, welche eiue Generation umfasst, ist, falls der Prozess ea 
endlich lange vorsichgehen kann, imendlich klein im Verhaltnis zb 
der Zeit, welche verflossen ist. Bs handelt sich darum, eine 6 ei 
chung zu finden, welche den obenstehenden Ausdiuck als Differen- 
tial hat; 


. ^ 

' dn 


Irl 


jl-rn) 
l — lcrl 


n 


/ 


dn 


rn 

1 f l-lfh 

Jej 


drn 




Bei Losung des Integrals erhalt man: 
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„=Jri-l + log^+(l-i)log^'] (30) 

'>'0 ‘>^n i— M 

Aus diesem Ausdnick gebt hervor, dass wenn r„ 0, n sich dein 
CO niiliert. 

Man kann ohne Haldanes Integral ganz elemcntar zeigen, dass 


ist. Daruber hinans gilt nocli 


^fl+l 


n 

r^^n- 

'il 1 


Also konvergieren die r„ selir langsam gcgcn Null. 

Es bleibt nock iibrig. den Verlanf dcs Prozcsses bci monoliybridcr 

Dominanz zu untersnclicn. Wcrden in jcdcr Generation 

der Eigenscliaftstrager verbindert, sicb fortznpflanzen und pllan- 

zen sicb also -7 fort, so wird die rezessive Anlage, falls sic nacb 

1 *7- /J 

n Generation die Ereqnenz r„ besitzt, in der folgcnden Generation die 
folgende Frequenz baben: 


rh + 


’•f.+i = 


1 + Jt """ 




^n+I = 


rn-\- 


1 + ^Tn ’ 


(31) 


was derselbe Ausdmek ist, den wir weiter obon fiir die partielle Se- 
lektion bei Eezessivitat mit Zoicbenveriinderungen gefunden haben. 
Die Frequenz der dominanten Eigenscliaftstrager m’rd 




(32) 
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TABELLE 4. 


Effckt Ton parlicllcr Sclcktion in aufeinanderfolgenden Generationen bel re- 
zcssivcr, monoliybridcr Diallclic und bei vcrscbiedcner Starke der Selektion 
dominanlcr Eigcnscbaftstrager. Vgl. Formel 32. 



3 

4 

5 
G 

7 

8 

9 

10 


0.0100 

0.0090 

0.0081 

0.0073 

O.OOCO 

0.0059 

0.0053 

0.0048 

0.0043 

0.0039 

0.0035 


0.0100 

0.0075 

0.005G 

0.0043 

0.0032 

0.0024 

0.0018 

0.0014 

0.0010 

0.0008 

O.OOOG 


0.01000 

0.00501 

0.00252 

0.00126 

0.00004 

0.00032 

0.00016 

0.00008 

0.00004 

0.00002 

0.00001 


0.01000000 

0.00252361 

0.00063190 

0.00015819 

0.00004000 

0.00001000 

0.00000250 

0.00000063 

0.00000016 

O.OOOOOOOl 

0.00000001 


Die rormel zcigt, dass Vgl. mi 

dominanten als bei der Selektion beieiaei 

Wir untersuchen scHiessUch als e. 

verwickelteren _ man an, dass die m 

dihybride dommante Eigen 

tionen die Erequenz 

habon und die zweite Anlage erne ftequeni von 

d" P'’' 

dn= 

Mi=l.d.h.d' =<*"=<*. 

lagen g (31) 

V J 4-of der Prozess anf dieselbe Art wie 

was bedeutet, dass der r sicn 

brider Bezessivitat verlauft. A 
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(lass falls die cine Anlage liaufiger vorkommt als die andere, so wird 
die Anlage mit der hiiufigeren TVequenz in Hirer Frequenz langsam 
abnelimen und die seltcne Anlage vcrhaltnismiissig sclinell. In dem 
extremen Fall, niimlicli dass die eine Anlage in der gesamten Be- 
volkerung vorkommt und die andere Anlage cine niedrigere Fre- 
quenz aufweist, ivird die letztere nacli einer Generation verscliwin- 
den, worauf die liaufiger vorkonimende Anlage die Frequenz unver- 
iindert lieibehalten -wird, die sic naclilicr bat. Bci andoren kompli- 
zierteren Vererbungsfomien iverden die Vcrscliiebungen langsamer 
vorsicbgeben als bci Rezessivitiit. Bci diliybridcr Rezessivitiit muss 
z. B., n’enii beidc Anlagcn glcicb btiufig vorkommen, der Prozess 
■wesentlicb langsamer vorsicbgeben als bei monobybridcr Rezessivi- 
tat. Kommt die cine Anlage biiufig und in tier gesamten Bevolkc- 
nmg vor, und ist die andere Anlage ivenigcr frequent, so verden 
die Versebiebungen ivic bei monobybridcr Rezessivitiit verlaufcn. 



Selektion und Mutationen. 

Treten nun in einer Bevolkerung Mutationen auf und sind die 
Eigenschaftstrager, die hierdurcli entstehen, einer Selektion ansge- 
setzt, so muss der Prozess sick einer GleickgeTOcktslage naliera, 
wenn die Anzakl der Mutationen der AnzaU von Eigenschaftskii- 
gern entsprickt, die auf Grund von Selektion versckvranden sind. 
Z, B. muss bei monobybrider Rezessivitat, werm die Anlage die 
Frequenz r und die Mutationen die Frequenz ju kaben, eine Gleick 
gewicbtslage eintreten, -wenn 


r^ = 2fi 

Die Frequenz der Heterozygoten, 2rd, wird dann 
2rd = 2V^(l-l^) 

Werden nun /c von den rezessiven Eigenscbaftstragern an der Foit- 
pflanzung verhindert, so erbalten wir folgenden Ausdruck: 

(35) 

k 

2 ,. = 2l/f.(l-|/5) » 

Der Ausdruck in der Klammer ist selbstverstandlicli so nahe 1, 
er vemacblassigt werden kann. 

Wird die Frequenz von Eigenscbaftstragern aus der Gleiotge- 
wicbtslage verscboben, so wird eine immer langsamere Riickkc 
zur Gleichgewicbtslage in den folgenden Generationen vor sick §6 
ben. Dies wird erst nacb unendlicher Zeit erreicbt. Das Prok e® 
wild spater bebandelt werden, wenn wir Prozesse diskutieren, we c 
ein einmal erreicbtes Gleicbgewicbt storen kbimen. 

Wir baben bisber vorausgesetzt, dass Selektion und Mutatione^ 
in einer Bevolkerung stattfinden, in welcber im iibrigen eine 
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mixie vorhanden ist. Kommen andere Abweicliiingen von der Pan- 
mixie vor, kann dies auf die Prozesse einwirken imd wir werdcn im 
folgenden aus diesem Grunde ■wieder die Selelction und Mutationen 
in verscliiedenen Zusammenliangen beruhren. 

Der erste, der versucbt bat die Selelction zu berccbnen, ist, so -weit icb 
ermitteln konnte, WjUrben (1917), der cinfacbe numerisclie Berecb- 
nungen ausgefulirt bat. Die grundlegcnde Arbeit auf diesem Gebiete 
wurde von J. B. S. Haldane (1924 — 1932) ausgcfiibrt. Haldane 
bebandelt das Problem vom Standpunkt der Evolution aus imd mit 
einem verwickelten matbematiscben Apparat. Die Arbeit -wurde in 
einer wenig gelesenen Zeit-scbrift veroffentlicbt und wnrde ziun Toil 
deswegen anfanglicb nicbt in einem weitcren Kreis beacbtet. Obne 
Kenntnis der Arbeit von Haldane bat Verf. friiber einige grund- 
legcnde Formeln angegebcn und Hire Anwendung auf den blenscben 
besprocben (Dahlberg 192G, fcrner Dahlberg und Hdltkrantz 
1927). Spiiter baben andere Autoren, obne Kenntnis der Arbeit von 
Haldane, ebenfalls versucbt das Problem matbcmatiscb zu analy- 
sieren, so z. B. Bodewig 1932 — 33. 



Die Wirkung der Verwandtschaftsehe auf eiae 

Bevolkerung. 


Durcli eine einfache tlberlegung kann man sick klar macken, class 
die Verwandtsckaftseke die Entsteknng von Homozygotie kegiinstigt 
und der Heterozygotie entgegenwirkt, Entstekt eine Anlage durcli 
eine Mutation bei einem bestimmten Menscken in rezessiver loim, 
so kann die Anlage in komozygoter Form nur durck eine Ehe zvri- 
scken den Nackkommen von Mutanten zusammentreffen, also duicli 
eine Verwandtsckaftseke. Die Homozygoten, die in spateren Geneia- 
tionen vorkanden sein werden, werden also alle auf Veiwandt- 
sckaftseken beruken, wenn auck die Yerwandtsckaft zwisckn den 
Individuen nickt immer so stark ist, dass sie nackweiskar ist, 
Man muss sick indessen daran erinnem, dass nackdem eine Popu- 
lation aus Eamilien und Gescklecktern zusammengesetzt ist, in der 
Voraussetzung, dass eine Pamnixie vorliegt, entkalten ist, dass aucli 
eine gewisse Anzakl von Verwandtsckaftseken stattfinden werden. 
Ist die Bevolkerung im Verkaltnis zu den einzelnen GescHecliteiD 
gross, so entkalt die Forderung fiir eine Panmixie eine verkaltnis- 
massig kleine Anzakl von nakeren Verwandtsckaftseken. Isthingeg® 
die Population im Verkaltnis zu den Gescklecktern klein, so bedeutet 
die Forderung fiir Panmixie, dass eine grossere Anzakl von ler- 
wandtsckaftseken vorkommen soil. Es muss daran erinnert wer 
den, dass die Annakme, dass eine Entwicklung stattfindet, bedeu 
tet, dass vielleickt alle Individuen verwandt sind, notabene, woo 
man annimmt, dass sick das menscklicke Gesckleckt aus einer eio 
zigen Mutation oder aus einer geringeren Anzakl von Mutationen 
entwickelt kat, zwiscken deren Nackkommen Kreuzungen 
funden kaken. Man gelangt zmn gleicken Sckluss, wenn mao ^ 
Aknen einer bestimmten Person fiir eine grossere Anzakl 
liegender Generationen berecknet. Man gelangt dann scknell ® ^ 
ten, die weit die vorstellbare Grosse der Bevolkerung der 
betreffenden Zeitpunkt ubersckreiten. So sind z. B. die Aknen 
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jier Person, wenn man annimmt, dass keine Verwandtschaftselien 
stattgefimden haben, fiir 30 vorbergebende Generationen mebr als 
1 000 Slillionen und fiir 100 Generationen mebr als 10^®. Dies zeigt, 
dass Abnenverlustc, d. b. Verwandtscbaftseben in sebr grosser Aus- 
debnung wabrend friiberer Generationen stattgefunden baben miis- 
sen. Wenn aiicb Eben zufallsbedingt gescblosscn werden, so miis- 
sen wir docb eiae grossere oder gcringcre AnzabI von Verwandt- 
sebaftseben erwarten. Dio Frage ist mm: Wie gross ist die Abwei- 
ebung, weicbe diu'cb Verwandtsebaftsebe vemrsaebt wird, von 
dem, was man bei Panmixie zu erwarten bat, wenn Verwandt- 
scbaftseben in grosserem oder geringcrem Ausmassc vorkommen als 
man bei Panmixie zu erwarten bat. Um dieses Problem zu losen, 
miissen wir uns in erstcr Linio ein Mass fiir die Wirlaing, weicbe die 
Verwandtsebaftsebe bat, versebaffen. 


Die Zusammensetzung der Naclikommen in Vens'andt 

schaftsehen. 


Wir bereclinen in erstcr Linio die Nacbkommenzusammensetzung 
in eincr Goschwistcrebc und bei monobybridcr Diallclic. Wir neb- 
men an, dass das rezessive Gen R die Frequenz r und also das do- 
minanto Gen D die Frequenz 1 — r bat. Ein bestimmtes Gen untcr 
den vier Genen der Ausgangsporsonen bat die Aussiebt -1 ein be- 
stimmtes Fund zu crreicbcn und wiederum die Aussiebt i ein Kin- 
deskind zu crreicbcn (vgl. Abb. 10). Insgesamt ist also die Aussiebt 



Abb. 10. Elio zwischen Goschwistom. Dio mit zwoi Linien vereinigten Kroiso 
stollcn cin Genpnor vor. 
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Abb. 11. Ehe zwischen Geschwisterkindem. Die mit zwei Linien vereinigten 
Kreise stellen ein Genpaar vor. 

I-. Die Aussicht, dass das Gen iiber ein anderes Kind eheahlkKm~ 
deskinder erreichen wird, ist auch | . Die Aussickt, dass es liier mit 
sich selbst zusammentreffen wird isfc also J • j = iV Wirhabenaber 
vier Gene, die als Ausgangspunkte fiir die Entstehung eines solciiea 
Homozygoten dienen konnen. Die Aussicbt wird deshalb mrfach 
Oder 4 • = I . Bei einem Viertel der Kjnder trifffc also eines der 

Ausgangsgene zu einem Homozygoten zusammen imd in r Fallen 
ist der Ausgangspunkt ein iZ-Gen. Wir eriialten also einen rezes- 
siven EigenscLaftstrager auf Grand dessen, dass der Ausgangspunkt 
mit sich selbst in j der Falle zusammentrifft. In der iibrigen | der 
Ealle trifft irgend eines der Gene znfalbgerweise mit einem anderen 
Gen derselben Art zusammen, so dass ein rezessiver Eomozfgot 
entstebt. Dies muss mit derselben Frequenz gescheben, welebe em 
solcbes Zusammentreffen in der Bevolkerung bat, d. h. in wn 
diesen f der Falle. Insgesamt erbalten wir also Eigenscbaftstrager 
unter den Nacbbommen in Gescbwistereben in 

+ Fallen. 

4 4 

Auf analoge Weise wird die wabrscbeinlicbe Frequenz der Eig® 
scbaftstrager imter den Eacbkommen einer Vetternehe berechnet 
(vgl. Abb. 11). Ein bestimmtes Gen bat die Aussicbt i eines er 
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Kinder zu erreiclien, 5 ein Kjndeskind und die Aussicht g ein 
Kindeskindeskind zu erreichen. In einer Vetterneke ist also die Aus- 
sicht fiir das Zusammentreffen eines hestimmten Genes mit sich 
selbst g- • K = St ■ haben indessen vier Gene bei den gemeinsa- 
men Eltem, die fiir ein solches Zusammentreffen als Ausgangspunkt 
dienen konnen imd diese haben die Wahrscheinlichlceit r i2-Gene 
zu sein. Die Wahrscheinlichkeit dafiir, dass ein Gen mit sich selbst 
zusammentreffen soil, so dass ein rezessiver Eigenschaftstrager ent- 
steht, ist also 4 r • ^ • -J - = den iibrigen fj} der Nachkommen 

entstehen Eigenschaftstrager dutch zufallsbedingtes Zusammentref- 
fen von Genen mit im Durchschnitt derselben Aussicht, wie dies in 
der Bevolkenmg geschieht, d. h. in r- Eiillen. Insgesamt wird also 
die Erequenz der rezessiven Eigenschaftstrager unter den Nachkom- 
men in einer Vetternehe 


r 15r2 

16 16 


(38) 


und die Erequenz dominanter Eigenschaftstrager 


d^ + rd— :^rd. 
lo 


(39) 


Die Zusammensetzung der Popiilatioii bei Verwandt- 
schaftsehe in grossen Populationen. 

Wir nehmen an, dass wir es mit einer sehr grossen Bevolkenmg 
zu tun haben. In dieser sind also die einzelnen Eamilien imd Ge- 
schlechter im Verhaltnis zur Bevolkerung verschwindend klein, wes- 
wegen wir bei Panmixie nur eine verschwindend kleine Anzahl von 
Verwandtschaftsehen zu erwarten haben. Die Anzahl der Verwandt- 
schaftsehen nahert sich also bei dieser Sachlage und Panmixie 0 . 
Wird eine Eigenschaft dutch rezessive monohybride Diallelie bedingt, 
erhalten wir also, wenn das .R-Gen die Erequenz r hat, rezessive 
Eigenschaftstrager mit der Erequenz r-, 

Wir nehmen nun an, dass in einer Bevolkerung nur Vetternehen 
geschlossen werden. In diesem Ealle erhalt die Bevolkerung die 
Zusammensetzung r -f- gemass der Eormel, die wir oben ab- 
geleitet haben. Die Erhohung, welche diese unerhort starke Ver- 
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wandtschaftsehe fiir die Frequenz der 
dingt, wild also 


rezessiven Homozygotea be- 


1 

16 




7-2 


was vereinfacht ergibt 



2rd 

32 


(40) 


Alls diesem Ausdruck ergibt sick, dass die Heterozygotea mit 
abnehmen imd dass der Halfte dieser Abnahme ^V— 3.13% der 
Heterozygoten eine ebenso grosse Zrmabme der rezessiven kw. 
dominanten Homozygoten entspricht. Die Zunakme erreiclit das 
Maximum, wenn r = h. In diesem Falle sind bei Pamnixie 25% 
rezessive Eigenscbaftstrager vorbanden. Bei Vetternebe aliein wer- 
den weitere = 1.56% der Bevolkerung Eigenscbaftstrager sein 
und wir erbalten also statt dessen 26.56% Eigenscbaftstrager, 1st 
die Anlage seltener, so wird die Verscbiebung, weicbe diese extreme 
Verwandtscbaftsebe in der Bescbaffenbeit der Bevolkerung verur- 
sacbt, nocb geringer. Die Verbaltnisse werden durcb Tabelle 5 und 
Abb. 12 beleucbtet. Das Diagramm zeigt, wie die Wirkimg der Ver- 
wandtscbaftsebe langsam bis zu einem Maximum bei r = | waclist 
und dann langsam sinkt. In Abb. 13 wird die Steigerung bei steigen- 
dem Prozentwert der Eigenscbaftstrager in der Bevolkerung veran- 


scbaulicbt, 

Aus den Diagrammen tmd der Tabelle ergibt sicb, dass aucli in 
dieser extremen Situation, in der wir bei Panmixie keinerlei Ver- 
wandtscbaftseben zu erwarten batten, in der die Bevolkerung nter 


statt dessen nur Vetterneben einging, nur eine verbaltnismassig 
unbedeutende Verscbiebimg in der Zusammensetzung der Bevoi- 
kenmg festzustellen ist. Nun kann ja in der menscblichen Bevo 
kerung die Verwandtscbaftsebe niemals so bobe Grade erreichen. 
Nacb offiziellen statistiscben Angaben kann man in grossen Pop'* 
lationen eber mit einer Erequenz von Verwandtscbaftsehen von 
bocbstens etwa 1% Vetterneben und 0.075% Eben zwischen 
scbwistem der Eltem und Kindem der Gescbwister, recbnen. % 
wenn diese letzteren Eben nun eine etwas grossere Erbobung 
mal so Starke) als Vetterneben verursacben, muss man dock 
recbnen, dass Verwandtscbaftsehen, mit den Frequenzen und 
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TABELLE 5. 

Erhohung dcs Prozcntsatzcs rczessivcr, monohybrider Mcrknialslragcr Lei stei- 
gcnder Haaiigkcit cincr rczcssivcn Anlagc in cincr Population, wo nur EUcn 
rwischcn Gcschivistcrkindcm geschlosscn wcrdcn. 


Hiiufigkoit oinor 
Anlngo in oinor 
Population 

Hiiufigkoit dor 
Morkmnlstriigor 
oinor Population 
boi Pnnmixio 

Erhohung dcs Go- 
haltos nn Jlorkmals- 
trUgorn oinor Popu- 
lation, VO nur Go- 
sclnvistorkindorohon 
Btattfindcn 

O.OOl 

O.OOOl 

O.OOOOlO 

0.1 

O.Ol 

0.00502 

0.2 

0.04 

O.oiooo 

0.3 

0.09 

0.01313 

0.4 

0.10 

0.01500 

0.5 

0.25 

0.01602 

O.C 

0.30 

0.01500 

0.7 

0.40 

0.01313 

0.8 

0.04 

O.oiooo 

0.9 

0.81 

0.00502 



r 0 0.1 0.2 0.3 0.4 0.5 O.O 0.7 0.8 0.9 1.0 


Abb, 12. Erliobung dor Hiiufigkoit monoliybridor, rozcssivor Slcrkmalstriigor 
in oiner Population, in wolcbor nur Gcsclnvisterkinderoben go.scblosson werden, 
im Vorgloich mit Pnnmixio boi zunobmcndom Anlngcngobnlt. Dor Mnsstab 
in vortiknlor Bichtung ist zolmmnl grossor nls in iiorizontnlcr Biclitung, um dio 
Kur\'o doullichor zu mncben. 



0 0.1 0.2 0.3 0.4 0.5 0.0 0.7 0.8 0.0 1.0 


Abb. 13. Erliobung dor Hiiufigkoit monoliybridor, rozcssivor Jlorkmnlstrii- 
ger in oinor Population, in wolchcr nur Gcscbwistorkindorobon gescblosson 
ivcrden, im Vorgloich mit Pnnmixio boi zunobmondom Prozontsntz von Merk- 
malstriigcm. Dor JInsstnb in vortiknlor Bichtung ist zolmmnl grossor nls in 
horizontnlor Bichtung, um dio Kurvo doutlicher zu mnchon. 
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den von Verwandtscliaftselien mit denen man anaeWnoU.. ■ • 
menschlichen Bevoltenmgen reclmen kam, keine nmZTZ 
Vcraohiebuiig der ftequenz einer Eigmschaft in dei Bevolkcja 
veruiaaohen mnssen, verghchen mit Panmkie, Die Teiandeimsea^ 
die man erwarten kann. aind mit anderen Worten von so meaiieem 
triad, dass sie kaum auf empiriscli— statistischem Wege nacWc- 
wiesen werden konnen. Die Fehlerquellen, die mit jeder Be- 
volkerungsstatistilc unvermeidliek verbunden sind, durften so gut 
wie immer eine allzu starke Eolle spielen, urn mit Sicberheit solcte 
Differenzen nacbweisen zu konnen, urn die es sick bier bandelt. 


Die Zusammensetzung der Population bei Venvandt- 
schaftsehe in kleinen Populationen. 

Man kann sicb vorstellen, dass eine Bevolkerung so klein ist, dass 
man bei Panmixie eine verbaltnismassig grosse Anzabl von Vei- 
wandtschaftsehen zu erwarten hat, dass aber solcbe aus irgend einem 
Anlass ausbleiben. Wir wahlen wieder ein extremes Beispiel. Wir 
nebmen an, dass es sicb nm eine Bevolkerung bandelt, in welclier 
man bei Panmixie zu erwarten bat, dass Eben in einer bestimmten 
Frequenz a Gescbwisterehen sein soUen. Ist a = und baben die 
Eamilien eine gleicb grosse Anzabl beiratsfabiger Ejnder und diese 
Anzabl ist 2, so wixd die Bevolkerung aus ungefabi 5 Pamilien be- 
steben. Ist die Anzabl der Kinder 3, so bestebt die Bevolkerung 
ans ungefabr 10 Pamilien imd weim die Kinderanzabl 4 ist, bestebt 
die Bevolkerung aus 15 Pamilien. In diesen Populationen kornmen 
nun keine Gescbwistereben vor und dies bedingt eine Abweicbung 
von der erwarteten Zusammensetzung der Bevolkening bei Pan^k- 
Hat die rezessive Anlage R die Frequenz r, so erbalt man bei Pan 
mixie r2 rezessive Eigenscbaftstrager. In der Gescbwisterehe ist, 
wie wir vorber gezeigt baben, die Zusammensetzung der Kacbkoniffl 
1 I ggj Panmixie besitzen also o der Bevolkerung diese 
sammensetzung. Wir nebmen an, dass die ubrigen 1 ® 

volkerung die Zusammensetzimg x baben. Wir erbalten also o gen 

Gleicbnng: 

= a (^r -i - + (1 — ® 
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liOst man diesc Glcichung auf, so crhiilt man: 

4r- — ar — 3crr- 

Ivominen Iccinc Gcschwistcrchen vor, so crliiilt die Bcvolkcrung 
die Zusammensetzung, welche dcr Teil dcr Pojnilation hat, in ^^cl- 
chem keiuc Gesclnvisterehon stattfinden. Wollen wir mit vollstiin- 
diger Panraixie vcrgleichen, so crlialtcn wir also eine Vermindening 
dcr Anzahl dcr rezessiven Eigcnschaftstriigcr .'J x ans der Glcichung 

Jx=^x — r- 


fl(r- — r) (ird 


(41) 


Dicser Ausdruck ist 0, wenn r = 0 odcr wenn r = 1 ist, Dcr 
Ausdnick ist zwisclicn dicsen beiden Werten negativ, was bcdcutct, 
dass die ausgcblicbencn Gcsclnvistcrchcn cine Abnahmc dcr rezessiven 
Eigenschaffstriiger vcrursachen. Diesc Vermindening ist maximal, 
wenn r = i; ist o z. B. ■i\;, so betragt die Vermindening in dicsera 
Pallc 1.39%, Wir crhaltcn also in dicsem Ealle statt 25% rezessive 
EigcnschaBstriigcr 23.01%. Trotzdem es sich also um cine extrem 
klcinc Bcvolkcrung handclt, ist die maximale Verminderung. welclic 
die au.sgcblicbcncn Gc.schwistorchen bewirken. kaum bcdcutend. 
Es soil fcnicr daran crinncrl. werden. dass falls es sich um seltenerc 
Anlagcn handclt, die Erhohung noch weniger fcststellbar ist. Zum 
Vcrglcich soli angcfiihrt werden, dass falls man bei Panmixie auf 
Grund dcr Grossc dcr Bcvolkcrung im Vcrhiillnis zur Familicngrosse 
cine Geschwistcrehe in 1 % erwartet, so wird dcren Ausbleibcn cine 
mnximalc Verminderung dcr Anzahl dor Eigcnschaftstriigcr auf 
0.12% bedingen. Ist die Anzahl dcr Kinder 2, so wird die Bevol- 
kerung ungcfiihr 50 Familicn odor ctwa 100 Indh'iduen umfassen. 

Aus dicsen Bcrcchnungcn ergibt sich, dass ein Ausbleibcn von 
Geschwisterchen einen vcrhaltnismiissig unbcdcutendcn Unter- 
schied an Eigcnschaftstragcrn, vcrglichcn mit Panmixie, bedingen 
wird, auch wenn es sich um vcrhriltnismiissig klcinc Bevolkcrimgen 
und zicmlich gewolmlichc Eigcnschaftcn handclt,. Die Bcispiole, die 
wir gcwiihlt haben, um dies zu demonstricren, diirftcn weit iintcr 
dem liegen, was man in menschlichen Populationon zu finden or- 
wartet, abgcsehcn sclbstvcrstiindlich von iiusserst seltcncn Aus- 
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ralimeverhaltaissen. Da die Vcrrandtsohaftseiie sogat ftii soick 
Poputonen em gleichgultiges Geseielaen iat. dWte oht 
wcitcres bchaupten komen, daas ftr die Populationsgtosse mil 
cler man rater nomalen Verhiiltnisscn za lecW iakdieTer- 
wandtschaftsclie keine beaebtenswerte Rolle spielt. Wiespaterge- 
zeigt ■werden soil, hat man eher Anlass anzunehmen, dass die Popula- 
tionsgrosse (Isolatgrdsse) in Westeuiopa mehrere hundert Indivi- 
duen betragt. 

■Wir haben unsere Berechnungen nur fiir Geschwisterehen ausge- 
fiihrt, imd zwar deshalb, "weil Geschwisterehen in menschlichen Popu- 
Jationen immer ausbieiben. Ausserdem ist die Wirkung eventueller 
anderer ausgebliebener Verwandtschaftsehen bedeutend schwacki, 
als sie fur Geschwisterehen ist. Schliesslich kann man sicher ei- 
warten, dass diese anderen Verwandtschaftsehen nicht in grosserem 
Ausmasse ausbieiben. Es besteht kaum Anlass anzunehmen, dass 
sich Vettern und Basen in nennenswert grosserem oder geringerem 
Ausmasse miteinander verheiraten warden als nicht verwandte 
Personen in einer Bevolkerung (vgl. weiter unten). Wir konnen des- 
wegen annehmen, dass Vetternehen und andere Verwandtschafts- 
ehen (abgesehen von Geschwisterehen und Ehen zwischen Eltem 
imd Kindem; letztere diirften auf Grand des Altersunteiscliiedes 
bei Panmixie sehr selten sein) in vielen Populationen in angefahr 
dem Umfange vorkommen miissen, wie man es im Hinblick auf die 
Grosse dex Population bei Panmixie zu erwarten hat. Die Ab- 
weichungen (die spater diskutiert werden), haben sicher eine sebr 
geringe Grossenordnimg. 


Veiwvandtschaftselie und koruplizierte Vererbungs 

mechanismen. 

Die Schliisse, welche gezogen warden, gelten fiir monohybnde 
Diallelie, sie haben abet auch fiir andere rezessive Vererbungsar^ea 
Giiltigkeit. Man karm zeigen, dass die Wirkung der Verwandtscha «- 
ehe bei dihybrider Diallelie auf die Erequeuz gewisser Eigensctatta- 
trager geringer ist, als weim eine monohybride Diallelie vor ^ 
Die Wirkung ist am geringsten, wenn die beiden Gene ^ ^ 

vorkommen. Die Wirkung wird starker, wenn das eine Gen a g 
und das andere seltener vorkommt xuid wird maximal, wenn 
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eine Gen so gut wie bei alien Individuen in der BevoUcerung vor- 
kommt; in letzterem Falle baben wir praktiscb genommen eine mo- 
nobybride Diallelie. Bei boberen Bonnen von Polybybriditat vnrd 
die Wirkung nocb sobwacber. Man kann die Sacbe so ausdrucken, 
dass die Wirkung der Verwandtschaftseben kraftiger ist, je seltener 
die Gene sind; bei einer bestimmten Frequenz der Eigenscbafts- 
traerer erbalt man den bocbsten Grad der Seltenbeit, wenn eine 

O 

Monohybriditat vorliegt. 

Es verbleibt nun die Frage nach der Wirkung der Verwandt- 
scbaftsebe bei Dominanz. Bei Monohybriditat kann man sagen, 
dass die Dominanz die Kebrseite der Bezessivitat ist. Die Er- 
bobung an rezessiven Eigenscbaftstragem, die man erbalt, kommt 
auf Kosten der dominantcn Eigenscbaftstrager zustande. Man 
muss sicb aber aucb daran erinnem, dass falls ein rezessives Gen 
selten ist, das entsprecbende dominante Gen baufig vorkommt und 
umgekebrt. • Kommt nun das rezessive Gen baufig vor, so erbal- 
ten wir keine statistiscb feststellbare Veranderung der Beschaffen- 
beit der Bevolkerung auf Grund von Verwandtscbaftseben. Dies 
bedeutet, dass wir aucb fiir selten vorkommende dominante Gene 
ebenfalls keine feststellbare Veranderung der Zusammensetzung der 
Population durcb Verwandtscbaftsebc erbalten. Ist ein rezessives 
Gen selten, so kommt es ebenfalls zu keiner feststellbaren Veranderung 
der Zusammensetzung der Populationcn durcb Verwandtscbaftsebc, 
was ebenfalls bedeutet, dass Verwandtscbaftseben fiir die Zusammen- 
setzung der Populationcn gleicbgiiltig sind, aucb wenn es sicb um ge- 
wobnlicbe dominante Gene bandelt. Dieselben Scbliisse konnen wir 
fur verschiedene Formen von Polybybriditat zieben. Die Verwandt- 
scbaftsebe ist fiir die Eigenscbaftstrager gleicbgiiltig, welcbe durcb 
rezessive Gene bedingt werden, und zwar falls diese selten oder bau- 
fig vorkommen, und die Verwandtscbaftsebe ist desbalb aucb fiir 
polybybride dominante Gene gleicbgiiltig. Wir baben bisber Ver- 
wandtscbaftsebe im Bezug auf einzelne Eigenscbaften diskutiert. 
Indessen beeinflusst die Verwandtscbaftsebe gleicbzeitig alle selte- 
nen Eigenscbaften imd die Gesamtwirkimg kann nicbt obne weiteres 
vernacblassigt werden. Wir werden auf diese Fragen in einem spa- 
teren Kapitel naber eingeben, in welcbem wir die Frequenz der 
^ erwandtscbaftseben unter den Eltem der Eigenscbaftstrager be- 
bandeln werden. 

Im allgemeinen durfte man die Auffassung baben, dass die Ver- 

6 — 43206. a. Dahlbcrg. 
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^vandtschaftsehe erne sehr gtosse Bedeutung besitet, und zwar des 
Mb, well man^ m der praktiscben Zncbtarbeit eine sebr kr^iee 
Hirkmig mit emer intensiven Inzucbt erbalten bat. Hierbei hit 
man durchgebend eine Kreuzung zwiscben Gescbwistem Generation 
nacb Generation vorgenommen, Bei solcben Kreuzungen verscbwin- 
den die Heterozygoten ziemlicb scbnell, was u. a, von Sewall WniOHr 
(1921) gezeigt wurde. Wenn aucbbeimMenscbendie Verwandtsckfe- 
ohe aid prinzipiell dieselbe Weise wirkt, d. b. eine verminderte Hetero- 
zygotic bewirkfc, isfc die Wirknng, die bier gezeigt wurde, ungemeia 
viel gcringer, da in der Praxis nnr Vetterneben in verbaltnismassig 
geringer Frequenz vorkommen nnd wiederbolte Vetterneben Gene- 
ration nacb Generation zufallsbedingt so selten vorkommen, dass 
derartigen Kreuzungen jede Bedeutung feblt. 

Formeln tiir menscblicbe Populationen wurden vom Verb asgs- 
geben (Dahlberg 1929). Spater bat Hogben (1933 a) Pormeh 
fiir entferntere Grade der Verwandtscbaftsebe berecbnet. Diese 
Berecbnungen sind scbwierig und Hogben bat dnrcb EinMnmg 
einer besonderen Kecbnungsarfc (Matrizenrecbnung) eine einfacie 
Metbode zur Berecbnung der Formeln angefiibxt. 


Verwandtschaftsehen vom Standpunkt der Eigenscbafts’ 

trager aus. 

Es wurde weiter oben bervorgehoben, dass Verwandtscbafeelien 
fiir die Freguenz sebr seltener rezessiver Eigenscbaften von entsctei- 
dender Bedeutung sind. Aus dieser Feststellung folgt, dass falls 
man von Tragern seltener Eigenscbaften ausgebt, so findet man 
eine bobe Freguenz Vetterneben unter ibien Eltern. Bereits 1919 
bat Lbnz eine Formel fiir die Berecbnung der Freguenz, die tei 
verscbiedener Freguenz einer monobybriden diallelen Eigenscliaft 
zu erwarten ist, abgeleitet. Die Ableitung ist aber approximafiv, « 
liENZ teils nur von Heterozygoten ausgebt und die Homozygo® 
nicbt beriicksicbtigt und teils aucb davon absiebt, dass man Ji 
Panmixie eine Beibe von Vetterneben zu erwarten bat, Dae korre e 
Formel fiir grosse Populationen wurde von Dahlberg (1929) angege- 
ben. 

Wir nebmen an, dass die Anlage die Freguenz r und die Vet ern- 
eben die Freguenz c baben; femer dass die Population so gross is , 
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dass bei Panmixic kcine Vettcniebcn zu cnvartcn sind. Die Frc- 
quenz der Ehen, die nicht Vcttcrnclicn sind, ist dann 1 — c. Nebmen 
Avir an, dass die Population selir gross ist, so Aviirden praktiscb gc- 
nommen keine Vetternclicn vorkonimcn. In dicseni Palle bedcutet 
c cine Zunahme dcr Vetternclicn, die liinansgebt Uber das, Avas bei 
Panmixic zu erAvarten ist. 

Aus Vctternchcn stammen Eigcnschaftstriigcr mit folgcndcr 
Frequenz: 

- (l + 15r). 

In der Population komnicn die Eigensebaftstrager mit folgendcr 
Frequenz A'or; 

CT 

(l-c)r= + -(l + 15r). 


Das Verbiiltnis zwiseben den Eigcnscliaftsfriigeni, die aus Vettern- 
cben stammen und der gosamten Anzabl A-on Eigensebaftstriigern 
li AA’ird: 




To 


cr , 






C + 


c 

iG(T— c)r 

1 + 15r 


(42) 


Ist in dicser Formcl c cin sebr klciner Wcr(, so kann man 1 — c 
= 1 setzen und nimmt man auch 1 + 15 r = 1 an (AA-as cine ZAveifel- 
liaftc Approximation darstcllt, da, AA-enn 15 r = 0, man aucb das 
Rccbt besitzen diirfte, aucb IG r = 0 zu setzen) so crbiilt die Formcl 
folgendes Ausseben: 


c -{- IGr 


(43) 


Dies ist die approximative Formcl, Avelcbc Lenz abgcleitct bat 
(vgl. aucb Hogben 1933 b). 

l^immt man an, dass Vetternohen tatsacblicb mit ciner bestimm- 
ten Frequenz vorkommen und bei Panmixic mit ciner Frequenz 
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Cf r 


^(l + lSr). 

In der Population durfte man bei Panmixie die Eigensctafc- 
trager mit einer Frequenz von erwarten. Man erbalt aber eiae 
Zunahme der Frequenz der Eigenschaftstrager in der Population mit 


(‘^i-C2)fg(l + 15r). 

Insgesamt ergibt sicb also eine Frequenz der Eigenscbaftstrager m 
der Population von: 


(1 — Cj + C 2 )r~ + (Ci — C 2 )^(l -f 15r). 


Deswegen wird das Verbaltnis zwiscben den Eigenscbaftstiagero, 
die aus Vettemeben stammen und der gesamten Anzabl von Eigen- 
schaftstriigem: 


^(l + 15r) 

(1 — Cj + c,)r^ + (q — (1 -f 15r) 




•Co -h 


16r(l-c, + c,) 
l + 15r 



1st Co = 0, d. b. ist die Population so gross, dass die zufallsbedingte 
Frequenz der Vettemeben, die zu erwarten ist, so Mein ist, dass sie 
vernacblassigt werden kann, so wird die Formel (43) erbalten, wenn 
man ausserdem, wie friiber bereits angenommen, 1 -f 16 r = 1 setzt, 
was einer diskutablen Annaberung gleicbkommt. IstCi = C2=0! 
d. b, kommen Vettemeben in der Frequenz, die bei Panmixie zu 
erwarten ist, vor, so wird die Formel 

_c(l -f 15r) 

16r 


( 45 ) 
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TABELLE C. 

Prozcnl Eigcnscliaftstragcr, die von Gcscliwislcrkindcrelicn bcrstamnicn = 
Lei vcrscliicdcncr Frcqucnr cincr rczessivcn, inonoliybridcn, diflllclcn Eigen* 
seboft RR und Lei vcrscbicdcncr Frcqncnz von GcscInN'istcrkindcrclicn in dcr 
Bcvolkcrung = c. Ygl. Fonnel 45. 


RR 

k far 

c == 0.1 % 

C = 0.25 % 

C = 0.5 % 

r 5= 1 O ’ 

C 1 

O.oooooi 

0.344 

1 G .8 C 0 

31.721 

03.430 

0.00005 

0.078 

2.444 

4. 888 

0.77 G 

O.OOOl 

0.710 

1.707 

3.504 

7.188 

O.ooos 

0.373 

0.033 

1.800 

3.733 

0.001 

O.COl 


1.457 

2.012 

0.0025 

0.21 0 

0.547 

1.004 

2.188 

0. O 05 


0.455 

0.011 

1.821 

O.Ol 



0.781 

1.563 

0.05 

0.122 


O.coo 

1.217 

0.1 

0.114 


O.r.cs 

1.135 


In Tabellc 6 und Abb. 14 'werdon Angnbcn iiber die ProzenUverte 
an Eigenscbaitstragcni nngogeben, die mis Vetterneben bci vcrscliie- 
dener Frequenz cincr rezessiven monohybriden diallclen Eigcnscbnft 
und bci vcrscbicdcncr Frequenz von Vetterneben stammen. Die 
approximative Formel (43) ergibt nicdrigerc \Vertc als diejenigen, 
die man mittcls dcr korrekten Formel (45) crbiilt, vrenn man annimmt, 
dass Vettemeben in dem Ausmassc vorkommen, das man bci Pan- 
mixie erwarten muss. Dcr XJntcrscbicd ist fiir scltcn vorkommende 
Vcranlngungen und besonders fiir klcinc Populationcn mit boher 
Vettemehefrequenz niclit unwcscntlicli. Wenn z. B. die Aniage bci 
1 von 10 000 vorkommt und die Vetterneben 1 % ausmacben, sind 
gemiiss der approximativen Formel 5.88% dcr Eltem dcr Eigen- 
sebaftstriiger Vettern, wiibrend dor riebtige Wert 7.10 % ist. Die Un- 
tersebiede konnen mit andcren Worten in bestimmten Fallen von 
Bedcutung sein. 

In diesem Zusammenhange soli ferner lieiv'orgcbobcn vrerden, dass 
man cine iilmlicbc Erbobung aueb bci kompliziertcren Vererbungs- 
fonnen zu erwarten hat. (Bci diliybridcr Dominanz ist, wenn die 
bciden Anlagen gleicb baufig sind, die Erbobung maximal und 
gleicb mit dcr bci monobybrider Bezessivitiit; ist die cine An- 
iage baufig vorkommend, die andcre selten, so liegt eine iiusserst 
unbcdcutende Abnabme von Vettemeben unter den Eltem vor.) 
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nanntc Wcg wurde in gewissem Ausmasse benutzt, diirftc aber nocli 
mebr ausgeniitzt warden. Eine Zimnlimc bei Vcrwandtcn kann niim- 
licb mit Milieumomenten zusammenhiingen. Pass tuberioilose El- 
tern Kinder baben, die an Tuberioilose leidcn, kann ja z. B. auf 
Ansteclvung benihcn. Hingcgcn kann cine cventuclle Erlioliimg der 
Frcquenz an Verwandtschaftselicn bei den Eltern tuberloiloser Per- 
sonen nicbt auf etwas anderem berulien a Is cine Selektive Aus- 
wabl durcb Erbfalctoren, weswegen cine solcbc Erliobung einc 
grossere Beweiskraft besitzt. 

Es ist von Interessc zu vcrsuclicn cine Vorstcllung dariiber zu cr- 
Iialten, welcbe Erholiung man bei polyliybridcr Vererbung envarten 
kann. Wir nebmen an, dass cine rezessive polybybridc Eigensebaft 
aus den Anlagen -^2 -^2 ' ’ ' -^n f^cn Frequenzen r\, 

r\--- zusammengesetzt ist und dass ferner fiir jcdcs Anlagcpaar 
cine Vetternebe cine Erbobung von dj, dj • • • 6^ vcrursacht. Bei 
Panmixie wurdc man erwarten, da.ss die Eigensebaftstrager die Frc- 
quenz ri, rS ••• r“ baben, Auf Grund dcr Verwandtsebaftseben cr- 
biilt man die Frequenzen (rj -|- dj), (r| -F dj) • • ■ (r“ -F d„). Nebmen 
wir ferner an, dass Verwandtsebaftseben bei Panmixie mit eincr 
Frcquenz von zu erwarten sind und in dcr Population mit dcr 
Frcquenz Cj vorkommen. so wird der iVntcil an Eigensebaftstra- 
gern, h, dcr von Vettcrnchcn stanimt, betrngen: 




c (n + di) (r; -f d;) • • • (r-„ -f dn) 

(1 — Cl -F c„) rj Ji • • ■ rj, + {c^—c„) (q + dj) (r„ -f d,) • • • (r„ -f d„) 


Liegt z. B. cine Dibybriditiit vor und ist Tj = = r, so erbiilt die 

Formel folgendes Ausseben; 




•C2 -F 


(1 — c)- 256 r- 
(1 -F 157f“ 


(46) 


Es muss daran erinnert werden, dass die Eigensebaftstrager in 
diesem Falle die Frcquenz r'* baben. Aus den Formeln ergibt sicb, 
dass die Erbobung, welcbe auf Grund dessen, dass cvcntuell Vet- 
terneben baiifigcr vorkommen, als bei Panmixie bei einer bestimm- 
ten Frcquenz der Eigensebaftstrager zu erwarten ist, bei dibybridcr 
Oder polybybridcr Rezessivitiit niedriger ist als bei monobybrider 
Rezessivitiit. Es ergibt sicb ferner, dass der Anteil an Eigensebafts- 
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raprn der au8 Vettemelien staimnt, bei PolyhyViditit akalalls 
germger ist als bei MonohybriditSt. la diesem ZasammrfiaMe aoH 
daran ermnert warden, dass Haibmk geeeigt hat (1938), da^ f,lh 
erne monohybride Triaileiie votbegt md ein Gen in homozygeiet 
Form ein. Letalfaktor ist, so erlialt man einen niedrigeren Anteil 
an Eigenscliaftstragern aus Vetternehen und eine geringere Er- 
hohuag an Vettemelien, als man bei monobybrider Triaileiie erwarta 
wiirde. Ein solcber Mecbanismus ist indessen in menscliliclieii Popu- 
lationen nocb nicbt festgestellt worden. 

Scbliesslicb soil exwabnt werden, dass die bier angegebeaen Eor- 
meln selbstverstandiicb angewandt werden konnen, urn die Erequenz 
der Anlagen zu berecbnen, falls man den Vererbungsmecbanismus 
und die Frequenz an Vetterneben unter den Eltern der Eigensckfts- 
trager kennt. Sind zum BeispieJ 16 % der Eigenscbaftstrager Veto 
und ist die allgemeine Frequenz an Vetterneben 2%, so wirddie 
Anlage die Frequenz 1 : 105 besitzen; ist die allgemeine Frequenz an 
Vetterneben 1 %, so wird die Anlage die Frequenz 1 : 225 oder 
0.14 % baben. Ist die allgemeine Frequenz an Vetterneben 0.5%, 
so betragt der entsprecbende Wert 1 : 465 oder 0.22%. DieselYerte 
werden wir im folgeuden eingebender besprecben, Selbstverstandlict 
kann man aucb, falls man die Vererbungsart, die Frequenz dei 
Eigenscbaftstrager und den Anteil an Eigenscbaftstrageni, der von 
Vetterneben berstammt kennt, die Frequenz an Vetterneben in der 
Population berecbnen. 

Eine Ursacbe dafiir, dass man die Frequenz an Veiwandtscliafts- 
eben nicbt in so grossem Ausmasse imtersucbt und zu Untersuctungen 
uber Erblicbkeit benutzt bat, ist die Scbwierigkeit, Normalwerte zn 
erbalten. Aus einigen Landern konnen offizielle Werte^ erkkn 
werden (vgl. Dahlberg 1938). Diese Werte konnen ja nicbt oke 
weiteres zum Vergleicb mit einem Material angewandt werden, das 
aus anderen Populationen stammt, wenu man aucb der Ansicht sein 
kann, dass sie einen ungefahren Ausgangspunkt darstellen. i 
diirfte davon ausgeben konnen, dass die Frequenz an Verwan 
scbaftseben selten 1 % ubersteigt und siob gegenwartig wabrsc 
licb unter j % bait. Wir werden auf diese Frage spater zuru 
kommen. 

In diesem Zusammenbange soil bervorgeboben werden, a^s 
die erbalten werden, falls man von Patienten ausgebt, die m ^ 
Krankenbaus aufgenommen sind, fur die Verbaltnisse in einer op 
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lation nicht reprasentativ sind. Unter den Patienten sind selbst- 
verstandlich einige erblich bedingte I{!rankbeitsfalle vorbanden, 
deren Eltern eine wesentlich erbobte Frequenz an Verwandtscbafts- 
eben aufweisen. 1st aucb diese Gruppe klein, so beeinflusst sie docb 
die Durcbscbnittswerte in erbobender Ricbtung. Julia Bell (1940) 
gelangte zu einem Wert an Vetterneben von 0.61 % bei Patienten in 
einigen engliscben Erankenbausem. Dieser Wert erscbeint fiir ein 
Land wie England ungewobnlicb bocb zu sein, da ja in diesem die 
Kommunikationen gut und Isolate verhaltnismassig gross sind. 
Nimmt man an, dass der wirkliche Wert fiir die Population 0.25 % 
ist imd dass im Material einige Personen entbalten sind, die an sel- 
tenen, erblicben Erankbeiten leiden und deren Eltern z. B. in 10 % 
Vettem und Basen sind, so kann man berecbnen, dass diese Gruppe 
3.7% des Materials ausmacben muss. Es ist an und fiir sicb nicbt 
imangebracbt anzunebmen, dass die Summe seltener erblicb bedingter 
Erankbeiten ein oder zwei Prozent betragt, d. b. dass Einder aus 
Vetterneben iiberreprasentiert sind (langerer Erankenbausaufent- 
balt) imd dass dies bedingt, dass das Material als Unterlage fiir eine 
Beurteilung der Verbaltnisse draussen in der Bevolkenmg von 
zweifelbaftem Wert ist. 


Koppelung und Venvandtscliaftsehe. 

Bei der Verteilung der Eigenscbaften in einer Population bei 
Panmixie muss man erwarten, dass sie in einem gewissen Umfang 
zufallsbedingt bei ein und derselben Person zusammentreffen verden. 
Liegt eine Eoppelung vor, miissen sie ofters zusammentreffen. Es 
muss mit anderen Worten zwiscben dem Vorkommen bestimmter 
erblicb bedingter Eigenscbaften eine Eorrelation vorliegen. Man bat 
in den letzten Jabren auf dem Gebiete der Erblicblceitsforscbvmg ein 
grosses Interesse fur die Eoppelung beim Menscben gezeigt und es 
warden spezielle Metboden fiir die Feststellimg einer Eoppelimg bei 
der Untersucbung von Familien und Gescblecbter ausgearbeitet. 

In der vorliegenden Arbeit sind ja die Fragestellungen auf die 
Bescbaffenbeit ganzer Populationen begrenzt. Im Hinblick auf die 
Eoppelung kann man sicb damit begniigen festzustellen, dass Eorre- 
lationen zwiscben dem Auftreten von Eigenscbaften ibre Ursacbe 
in einer Eoppelung baben konnen. Solcbe Eorrelationen konnen 
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indessen auch andere Ursachen haben. Wir werden aiif dieses Pro- 
b em zi^uckko^en. In diesem Zusammenbange soil cur die Korre- 
iation bebandelt werden, die durcb Verwandtschaftselie vcrursacht 
werden Icann. 

Will man imtersucbenj vrie die Eigenscbaften in einer Population 
zusammentreffen, so muss man aucb beriicksicbtigen, dass die Po- 
pulation in zwei Gruppen zerfallt: Nachkommen verwandter Pcr- 
soneu und andere. Wir begnugen uns damit in diesem Zusammen- 
bange nur mit Vetterneben zu rechnen und von anderen Yerwandt- 
scbaftseben abzuseben, da wie vorber bervorgeboben, Vemndt- 
scbaftseben mit starkerer Wirkung ausserst selten sind und abgclc- 
genere Verwandtscbaftseben eine ■wesentlicb scbwacbere ETbokno 
der Homozygotie verursacben. Eezessive Eigenscbaften baben nun 
wabrscbeinlicb in diesen Teilen der Population eine veischiedcne 
Frequenz, Untex den Nacbkommen aus Vetterneben ist die Frc- 
quenz bdber, wenn es sicb um seltene Eigenscbaften bandelfc ais 
untex Nacbkommen aus den nbiigen Eben, Die Wabrscbeinlichkcit 
dafiir, dass zwei seltene Eigenscbaften zusammentreffen -werden, ist 
also untex den Nacbkommen von Vettern grosser als imter den Nach- 
kommen von Personen, die nicbt Vetter imd Base sind. Bereclmet 
man nun wie oft Eigenscbaftstrager zusammentreffen miissen und 
nimmt als Grundlage bierzu die Ereqnenz, welcbe sie in der Popula- 
tion baben, und xmteisucbt wie oft dies faktiscb geschiebt, so findet 
man eine Brbobung, die eine Korrelation zwiscben den Bigcnscliaitcn 
dars-tellt. 

Nebmen wir an, dass in der Population Vetterneben mit der Fie- 
quenz c vorkommen nnd dass also andere Eben die Erequenz 1 c 
aufweisen, ferner, dass zwei rezessive Eigenscbaften die Frcqucn- 
Pi und p 2 baben. Scbliesslicb nebmen wir an, dass 
scbaftstxager ans Vetterneben stammen, nnd zwar beziigl't^ • 
Eigenscbaft pi und fur die Eigenscbaft Die Erequcnz icf 
Eigenscbaftstrager untex den Nacbkommen aus Vetterneben is 

tih bzw. 

G C 


und unter dem iibrigen Teil der Bevolkerung 

'hJ^:ZZ}A undi 

1 — c l~c 
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Zufallsbedingt erwartet man, dass die Eigenschaftstrager in der 
Frequenz fifz zusammentreffen. In der Wirklichkeit treffen sie 
in folgender Frequenz zusammen: 

Ti Vo. _L Pi Vi 

1—c c 

Das Verkiiltnis zivisclien ivirkliclicr und envartcter Frequenz ist 
also: 

„ _ (1 — '^'i) I Vis (47) 

1 — c c 

TABELLE 7. 

Znsninincntrcficn zivcicr rezessiver, nionoliybridcr, di’allelcr Eigcnscliaftcn (y) 
mlt glciclicr Frequenz Lei •verseliicdcncr Ilnufigkeit von Geselivistcrkindcrclien 
(c), wenn der Anleil der Eigenschaftstrager, der von Gcsclm-isterkindcrchcn 
hcrslanmit vcrschicdcnc Griissc (/f) hat. (Dies Lcmht daraiif, dass die Eigcn- 
Bchaftslragcr variicrende Frequenz hahen.) Vgl. Formcl 47. 


B 




C = O.oo." 

1 

e = 0.01 { 

1 

l.OSl 

1.023 

mm 

1.000 

2 

1.301 

1.123 


1.010 

3 

1.843 

1.303 

1.120 

1.040 

4 

2.033 

1.5C4 

1.240 

1.091 

5 

3.403 

1.900 

1.407 

1.102 

10 

10.811 

4.812 

2.814 

1.818 

15 

23.333 

9.724 


2.080 

30 

00.491 

30.491 

■H 

9.400 


Aus Tabelle 7 und Abb, 15 ivird cine Orientierung iiber die Be- 
deutung von Verwandtsebaftsehen fiir das Zusammentreffen von 
Eigenschaften erhalten. Die Werte wurden untcr der Annalimc be- 
reebnet, dass = f. und also — h.. Die Wirkumg ist urn so 
starker je geringer die Frequenz an Vetterneben ist und jc grosser 
der Anted an Eigensebaftetragern ist, die aus Vetterneben stammen. 
Diescr Anteil ist, wie bereits gczeigt vnirdc, um so grosser, je seltcner 
die Eigensebaft ist und je grosser die Frequenz dor Vetterneben ist. 
Durcb Anwendung der Werte in Tabelle 6 und Tabelle 7 erbiilt man 
cine Orientierung. Gebt man z, B. davon aus, dass Vetterneben 
die Frequenz von 0.25 % baben, cin Wert, der als angebraebt ange- 







Abb. 15. Zusammentreffen zweiev rezessiver Eigenschaften (y) ?• (jgne 

Prequenz in der Bevolkerung, wenn GeschwisterkinderMen 
Prequenz haben und der Anted Bigenschaftstrager, der von Gescnw 
ehen herstammt, verschiedene Grosse (k) hat. {Vgl. Tabe e 
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sehen -werden Icauu, so findct man einc feststellbare Wirlomg in Porm 
ciner criioliten Korrelation, da iiber 2 % der Eigenscbaftstrager aiis 
Vettcrneben stammen, was cine Eigenscbaftsfrequenz von etwas 
weniger als 1 : 10 000 bedeutet. Haben die Vetterneben cine Fre- 
quenz von 0.5%, so erbiilt man einc feststcllbare Einwirkung bei 
ciner Frequenz dcr Eigenscbaftstrager von etwas mebr als 1 : 10 000. 
Durcb Anwendung dcr Formeln 46 und 47 kann man sebliesslieb 
aucb das Verbiiltnis zwiseben wirklicbcr und dcr bei Panmixie zu 
erwartcuden Frequenz fiir das Zusammentreffen von Eigensebaften 
bereebnen, wenn die ieweilige Anlagc die Frequenz und bat 
und wenn die Frequenz fur Vettcrneben c ist und der bei Panmixie 
zu erwartenden entspriebt. 

Die Formel wird dann: 


y = 


c(H-15r,)\/ c(l + 15r„)\ 

lOr^ / \ 16r„ / 

1 — c 

c(l + 15r,)(l + 15re) 

256 Tj r. 


+ 


(48) 


TABELLE 8. 

Ziisanuncntrcffcn snvcicr rezessiver, nionohybridcr, dinllclcr Eigcnscbnficn {y) 
mit glelchcr Frequenz Lei versebiedener Frequenz der Gc.'jcbwisterklndcrcben 
(c), wenn die EigenseliaftslrSger rariierende Frequenz haben (RR)- Vgl. 

Formel 48. 


RB 

y fur 


.001 

c = 0 

.0025 

C = 0.005 

C = 0.01 

O.OOOOOl 





A-. 

31.7 


k , 03.4 

40.378 

0.00005 





Of 

/O 

4.9 


% 9.8 

1.778 

O.OOOl 

0.7 

1.038 

1.8 

1.000 


3.0 

1.192 

7.2 

1.387 

0.0005 

0.4 

l.OOS 

0.9 

1.019 


1.0 

1.038 

3.7 

1.075 

0.001 

0.3 

1.004 

0.7 

1.009 


1.5 

1.018 

2.9 

1.037 


Mit HiHe dicser Formel sind in Tabelle 8 einige Werte bcrccbnet 
worden, ausgebend davon, dass = r, = r. Aus dcr Tabelle ergibt 
sicb, dass die Quote den Wert 1 erst dann deutlicb ubersebreitet, 
wenn die Frequenz der Eigenscbaftstrager 1 auf 10 000 odor niedri- 
ger ist. Bei gewisser Frequenz ciner Anlage ist die Versebiebung 
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starker, je hoher die fteqaenz von Vetternehen ist E» ist deatlich 
dass wjr erne Korrelation zwischen Eigenseiattea vot aUem 
zu erwarten iaben,^ wenn es sich um seltene Aulagen bandelt tmd 
bei selir seltenen Eigenschaffeen konnen wir eine sehr kraftige Ver- 
schiebung erkalten. Aus den Berecbnungen ergibt sick mit ande- 
ren Worten, dass man erst bei sebr seltenen Anlagen ein bemerkkar 
baufigeres Zusammentreffen von Eigensckaften bei ein and dersel- 
ben Person auf Grand von Vetterneben feststellen kann. Der Pro- 
zess ist abet fiii banfig vorkommende Eigensckaften okne Bedeutog. 

Es mnss aber daran erinnert werden, dass bei seltenen Eigenschaf- 
ten der Prozess auf alle Eigenscbaften "wirkt, die tezessiv oder auf 
eine kompliziertere Art vererbt werden.. In Wirklicbkeit kann ein 
Prozess dieser Art die Erklarung dafiir sein, dass Missbildungen rer- 
scbiedener Art verbaltnismassig oft zusammentreffen. Binige Miss- 
bildungen beruben ja anf intranterinen Milieufaktoren, die gleict- 
zeitig Scbadigungen mebrerer Organe bewirken. In der Literate 
iiber erblicbe Missbildungen findet man aber Angaben iiker das Zu- 
sammentreffen Mar erblicb bedingter Missbildungen, z. B. Syndak- 
tylie, Polydaktylie Palatoscbisis, kongenitales Vitium u. s, v?. Ein 
derartiges Zusammentreffen kann Ausdnick einer Koppelung sein. 
Der variierende Cbarakter der erblicben Missbildungen, die zusam- 
mentreffen, deutet aber am ebesten darauf, dass Vetternehen eine 
entscbeidende Rolle spielen. Die Probleme warden aber nicht Ge- 
genstand einer naberen Untersucbimg aus den Gesicbtspunkfcen, die 
bier angelegt warden, weswegen keine endgiiltigen Feststellungen 


gemacbt werden konnen. 

Selbstverstandlicb baben Vexwandtscbaftseben aucb fiir das u 
treten von Eigenscbaften bei Gescbwistern der EigenscbaftsfiagCT 
Bedeutung. Unter Kindern aus Vetterneben liegt eine Homozygotie 
fiir seltene erblicbe Eigenscbaften vor. Wablt man Eigensc a 
trager aus, die in besonderer Ausdebmmg von Vetterneben hex- 
stammen, so kat man deswegen zu erwaxten, dass ikre Gesc wi ^ 
eine erkokte Erequenz anderer seltener rezessiver Eigenscha 
weisen werden, Man kann deswegen eine solcke 
scken Gescbwistern nicbt okne weitexes als Ausdiuck fiir erne 
pelung deuten. Luxenbubseb (1927) kat z. B. versuckt zu zeigen, 
unter den Verwandten gewisser Geisteskranker 
berkulose in grosserem Ausmasse vorkommt, als man z ^ ® 
zu erwarten kat, Seine Untersucbungen warden einer scharfen 
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tik ausgesetzt (Alsteom, 194:2). Das Problem ist aber nicbt vollig 
aufgeklartj aucb 'wenn die Werte, die Liixenburger angefiiirt bat, 
keine Beweiskraft besitzen. Wurden exblicbe Momente sowobl fiir 
Tuberkulose als aucb fiir Scbizopbrenie eine Rolle spielen, so kon- 
nen Vetterneben eine Korrelation zwiscben den Eigenscbaften in 
Gescbwisterkreisen verursacben, falls die Anlagen ausreicbend sel- 
ten sind. Dieser Mecbanismus, der bisber nicbt beacbtet wurde, 
kann aucb von Bedeutung sein, wenn man eine Koppelung duxcb 
Familienuntersucbungen nacbweisen will, aber wie oben bervorge- 
boben, fallen diese Probleme ausserbalb des Rabmens dieser Arbeit. 

Ziisarnmenfassend soil bervorgeboben werden, dass die Verwandt- 
scbaftsebe fiir gewobnlicbe Eigenscbaften obne Bedeutung ist. Eiir 
seltene rezessive und fiir auf kompliziertem Wege erblicbe Eigen- 
scbaften spielt die Verwandscbaftsebe eine grossere Rolle und bei 
extremen Fallen, wenn eine Anlage durcb Mutation das erste Mai 
entstebt, kaim diese in bomozygoter Form nur durcb Ebescbliessung 
zwiscben Nacbkommen des Mutanden, d. b. durcb Verwandscbafts- 
ebe, zusammentreffen. Ist eine Bigenscbaft selten, so ist sie indes- 
sen fiir die Zusammensetzimg der Population obne nennenswerte 
Bedeutung. Die Wirkung der Verwandscbaftsebe stebt also mit 
der Frequenz der Anlage im Gleicbgewicbt, so dass die Verwandt- 
scbaftsebe nie mitsicbfubrt, dass eine bestimmte Eigenscbaft fiir eine 
Population eine nennenswerte Bedeutimg erbiilt. Wabrend die Se- 
lektion auf gewobnlicbe Eigenscbaften eine bedeutende Wirkmig 
ausiibt, fiir sebr seltene Eigenscbaften aber obne nennenswerte Be- 
deutimg ist, ist die Situation fiir die Verwandscbaftsebe die umge- 
kebrte, da diese fiir gewobnlicbe Eigenscbaften bedeutungslos ist, 
fiir seltene Eigenscbaften aber vom GesicJitspunkt des EigenscJiafts- 
tragers aus grosse Bedeutung besitzt. Wabrend die Selektion nur 
auf einzelne seltene Eigenscbaften einwirkt, fiibrt eine Anderung 
der Frequenz von Verwandtscbaftseben eine Anderung der Haufig- 
keit alter seltener Eigenscbaften mit sicb. Die gesamte Wirkung 
kann vom Gesicbtspunkt der Gesellscbaft aus eine Rolle spielen. 
Diese Gesicbtspunkte sollen im Zusammenbang mit der Bespre- 
cbung der Wirkung der Verwandtscbaftsebe und der Isolatgrenzen 
weiter unten ausfiibrlicber bebandelt werden. Auf Grund dessen, 
dass die Verwandtscbaftsebe die Frequenz der seltenen Eigenscbaf- 
ten beeinflusst, ist zu erwarten, dass die Eltern seltener Eigen- 
scbaftstrilger in verbaltnismassig grosser Ausdebnung verwandt 
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(Vettex und Base) sein miissen. Umgekelitt kat man auck eine Cor- 
relation zwiscken dem Vorkommen seltener Eigensckaften zu er- 
warten, da man bei der Auswakl von solcken von Personen ausgekt, 
die in verkaltnismassig grosser Ansdeknung miteinander verwandt 
(Vetter nnd Base) sind und bei deren Nackkommensckaft man eine 
Ankaufung von seltenen Eigensckaftstragem zu erwarten kat. 



Verwandtschaftsebe imd Sclektion. 


Friilier wurde hervorgchobcn, dass man bci Paiimixic cine bc- 
stimmtc Frcqucnz von Vcrwandtschaftsclien zii crwartcn bat. Wit 
baben fernor Formcln fiir die Wirkung der Solcktion bci Panmixie 
angegeben. Die Fragc ist nun, welcbc Wirkung cine bobere odcr 
geringere Frcqucnz von Vcrwandtscbnftselicn als die bci Panmixie 
zu erwartonde, auf cinen Sclcktionsprozess ausiibt. Bcidc Moglicb- 
keiten liegen in dcr mcnscblicbcn Bcvolkcrung insoferne vor, als 
bci eincm Toil dcr Bcvolkcrung die Frcqucnz an Verwandtsebafts- 
chen niedriger ist als man bci Panmixie zu crwartcn bat, und zwar 
deswegen, wcil Vetterneben verboten sind. Fine etwas bobere Frc- 
qucnz von Vetterneben als die, welcbc dcr Panmixie entspriebt, 
liegt wabrscbcinlicb in BevoDccrungcn vor, in welcbcn die Ebcii 
durcb die Eltcm bcidcr Kontrabenten geordnet werden. Bcidc 
Fragcstellungcn besitzen mit andcren Worten praktisebes Interesse. 

Wir fragen uns also in erster Linic, welcbc Bcdcutung moglicbcr- 
wcisc das Ausbleiben von Vetterneben baben kann. Werden Vet- 
temeben verbindert und wurden solcbc bei Panmixie die Frcqucnz 
c baben, so wiirdc die Bevdlkcrung folgcndc Zusnmmensetzung cr- 
halten: 



Der Anteil, dcr wcgfallt, ist also: 



Oder in Verbaltnis zu r® 



Fmdet cine Zunahmc der Vetterneben iiber das binaus statt, was 
bei Panmixie mit einer Frcqucnz von c zu crwartcn war, so geltcn 

7 — 43205 . a. Dahlbcrg. 
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.l««. I.„r„„l„ „|,or .nil ...ngoM.rtcn, Vo.»ichc„ vor c Dii 

I,«y Abnninnn ,l„ EigcnsdiatteWgcr, dfc man ki 
••miKC. V,.r«- FrM|m.„zc.i von c und cinigcn Frcquanzcn von 

r- (-rliHlt. RucI mil Iltlfc dcr Forme! leicht zu berechnen. 

^ Mnn muss .sich daran eriimcrn, daw cine Abnnhmc, vergHchen mit 
Pntutuxie, tiicbt groKFor seiti kann, nh die Frcquenz von Vcrwandt- 
J'eliuft'iehen, <lie man bet Pnninixlc zu crwnrten hat, wuhrend cs abcr 
/Hr fine Ztinahtne thoorcf iseh cin Spicirnum bis zu 100 % vorliegt. 

AtiH (Jen AuKdriiekou in tier Tnbellc crgibt sich, dass iibereinstm- 
mend init dem. v/ns vorlier gezeigt wnrdc, die Vcrwandtschnftseie 


erst dann fi'tr tiie Froqnenz tier l-ligcnscbaftstniger Bedeutung be- 
sitzt. wvntt die Anlnge in dcr Bovolkornng soltcn ist, und dass die 
Wjrhvvt: friihf-r eintritt, woim es .sic)j urn cine grosscrc Verandcnjng 
der I'reqnenz von Votternelion vcrgliclicti jnit Panmixic liandelt als 
wt'nn tlie Vcriindenirig goring ist. I’rinzipicll geseben bedeiM dies, 
tla?s tlie Wirknng der Solektion bei soltencrcn Eigcnschaften gros- 
ser wird, went! VerwaTuUsehaftschen in grdsscrcm Aiismassc als bei 
Pnjiinixie vorkonnnen. Die Krhbhnng. wclchc dutch Verwandt- 
.srhaftsehen erlialten wird. ist aber insoferne nicht von weseatlickr 
Petleiitnng, dn btd einer .so .stnrkcn Zunahmc (odcr Abnahraelvon 
^’orn•an(Usc}|^l^t^■e)!en wie 1 %, erst wenu die Eigcnschaftstrager 
cine Frc’fjiienz von 1 ; 1 000 000 haben, cine Zunahmc (hzvr. .lb 
nalime) der Kigcnscliaftstriigcr um 6;i%, d. It. cine Zunahmc, 
.Abiialtnio ttin otwns mchr als die IlaUte, crhaltcn wird. BciOT 
best iinmten Mutationsfrcquciiz Averden die Abweicluingcn in der 
Fre([itcnz tier Verwaiuitscbaftsclton cine gewisse RolJe fiir die Gicki' 
gewichtsingc, tlie erreiebt wird, spiclcn. Die Hctcroz}’gotenfreqneM, 
woltdte tier Glcicligcwiclitslage entspriebt, wird etwns grosser, rvei® 
Yorwandfsebafksolton in gcringcrcm Ausmassc vorkommen, alsBS 
.sic bei Punrni.vie zti erwarten liat uiul ctwas gertngcr im ento^o^ 
gcsctzlen Fall. Die Vcrecbicbting dnrftc indcssen in menscblicben 
Poptilatiotien koine grosscrc Bedentung besitzen. Bit 
dieses Problem im Zttsammenbang mit dcr Frngc nacb tier Bcden- 
fting der Isolate ztirtickkomnien. 



Galtenwalil. 


Mit Gattemvahl („assortativc mating") bczcicbnct man das Ycr- 
balten, dass Kreuzungcn zwscben Pcrsoncn, die gcwisse Eigcn- 
scbaften .aufweisen, in grosscrem Ausmassc stattfinden, als man cs 
zufallsbedingt zu erwarten bat, imd dass also lircuzungcn entgegen- 
gesetzter Art in cntsprccbcndcm Ausmassc an Erequenz abgenom- 
men baben. Eingebcndcrc Untcrsucbungen dariiber, in welcbem 
Ausmassc cine GattcnwabI bci Menscbcn vorkommt, wnirdcn niclit 
durcbgefubrt. Es wnirde aber fcstgcstcllt, dass Pcrsoncn, die gross 
bzMv. klcin sind, sicb oftcr mit Pcrsoncn dcrsclben Korpcrliingc ver- 
heiraten, als -was zufallsbedingt zu erwarten ist, was sclbstvcrstiind- 
licb dadurcb bedingt wird, dass grosse und kleinc Pcrsoncn in einem ct- 
was komiseben Kontrast zueinandcr steben (Pearson and Lee 1903). 
Es liegt mit andcren Worten cin gewisser Widerstand gegen die Ebo 
zwiseben grossen und kleincn Pcrsoncn vor. JIan bat femer Anlass 
zu bebaupten, dass Taubstumrac sicb verbiiltnismassig oftmiteinan- 
der verbeiraten. Das Leiden ersebwert den Kontakt mit gesunden 
Pcrsoncn, ist aber ein vcrbindcndcs Band zwisclicn den Betroffe- 
nen. Man kann vermuten, dass musikaliscbc Pcrsoncn sicb beson- 
ders oft miteinandcr verbeiraten, sowic dass iibcrbaupt erblicbc 
Eigensebaften, die cine speziellc Einstellung von Intercssen vcnir- 
sacben, einen gewissen Grad von GattcnwabI bedingen; Intercssen 
vereinen. Inwieweit man so weit geben und bebaupten kann, dass 
intclligente Personen sicb oftcr miteinandcr verbeiraten, als cs der 
Zufall bedingt, ist imsicberer. 

Man bat aber damit zu reebnen, dass nicht nur cine positive Gat- 
tenwabl vorkommt, bei der sicb Personen mit densclben Eigen- 
sebaften miteinandcr verbeiraten. Die Moglicbkeit eincr negativen 
GattcnwabI, wobei ein Widerstand gegen die Verbeiratung zwiseben 
den Personen vorliegt, welcbc die glcicbc Eigensebaft baben, ist 
ebenfalls vorstellbar. Es ist z. B. raoglicb, dass extrem eigensin- 
nige Oder temperamentvolle Personen verbaltnismiissig Icicbt in 
Konflikt geraten, und dass in dem Masse, in welcbem solcbe Eigen- 
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schaften erbhch bedingt sind, eine negative GattenwaU vorkommt 
^ enn es sich urn Eigenscbaften handelt, die eine gewisse Hilflosig- 
keit bedmgen (erbhcbe Blindbeit, Verlmippelung), kann die Hill 
losigkeit selbst ein Hindernis fiir die Ehe zwiscben Peisonen, die 
am gleicben Gebrecben leiden, mitfiibxen, wabrend dagegen eine 
Ebc mit normalen nicbt in gleicbem Ansmass nnmdgiicb eiscbeint. 
Direlcte TJntersucbungen, welcbe das Vorkommen einer negativea 
Gattemvabl nacbwcisen, wurden indessen bisber nicbt ausgefiiirt, 
Auf Gxund dessen, dass man sicb bisber fiir Verscbiebungen in der 
Erbmasse einer Bcvolkerung nicbt allgemeiner interessiert bat, ist 
die empiriscbe Unterlage fiir Prozesse dieser Art sehx mangelhaft. 


Man kann mm ferner zwiscben totaler Gattenwabl, bei welcher 
die Eigenschaftstrager sicb ausscbliesslicb miteinander verbeira- 
ten und keiner, der die Eigenschaft besitzt, sich mit einem anderen, 
dcm sie feblt, kreuzt, und partieilcr Gattenwabl unterscbeiden, ki 
welcbcn die Eigenschaftstrager sich nur etwas baufiger miteinander 
verbeiraten als man es bei Panmixie zu erwarten bat. Die WirhiBg 
einer totalen positiven Gattenwabl wmde von Robins (1918) be- 
rechnet. Fiir die partielle positive Gattenwabl wurden Rekursious- 
formeln von Roller (1938) angegeben, der aucb mit Hilfe dersel- 
ben Grenzwerte mitgeteilt bat. Beide Autoren wenden eine ha- 
pliziertere Bczeichnimgsart an. Roller bat die Annabme benutzt, 
dass ein bestimmter Anteil von Verbindungen zwiscben dominaa- 
ten und rezessiven Eigenscbaftstragem ausbleibt. Im Folgenden 
werden Formeln abgeleitet, die eine einfacbere Form baben, aus- 
serdem wird aucb ein neuer Ausgangspunkt fiir die Losimg des 
Problems angegeben, der aucb erne allgemeinere Formel erlaubt. 

Der Effcktnegativer Gattenwabl ist nicbt friiber analysiert worden. 


Positive totale Gattenwabl. 

Bei positiver totaler Gattenwabl und monobybrider Diallelie 
werden gemass friiberer angewandter Bezeicbnungen Personen, 
welcbe die Bescbaffenbeit SB baben, sicb immer miteinander ver- 
beiraten und die iibrigen Typen sicb zufallsbedingt miteinander 
verbeiraten. In der ersten Generation erbalten wir dann unten 
bende Ejreuzungen und Nacbkommen aus diesen Kreuzungen. § 
Tabelle 9. 
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Sotzt 


man auf diesc Weisc fort, so findct man naah n Senetatioo™ 

( 60 ) 


1 + nr } fif 


Eigenscbaftstragor vom Typus HR 


vom Typus DD und 


4 ==(?“’ + 


2 r„d„ — 2 rd 


nr-d 
1 + nr 

2 7ir- d 
1 + nr 


m 


vom Typus RD. 

In der niiclisten Generation, d. h. der Generation + 1 erhaltea 
wir dann folgcnde Walirsclieinliclikeit fur die Eigenscbaftstrager 
vom Typus RR 

r- _ (n + 2)r2 
l + {n+l)r 


Dass diese Formcl gilt, ist aus Folgendem zu seben. In der n. 
Generation ist das Verbaltnis der tezessiven Anlage unter den He- 
terozygotcn und den dominanten Homozygoten in der BevolkeruBg 

r (« + l)r2l2 
1 -f nr J 
^ (n d- 1) r= 

1 -f nr 

Die Eigenscliaftstxager in der n.Generation verlieiraten sicH aiis- 
scldiesslich miteinander und ergebeu in der (n+l). Generation die- 
selbe Proportion an Eigenscbaftstragern, wie sie seibst in der n.G^' 
neration ausmacbten. Zu diesen Eigenscbaftstragern Icommen ifl- 
dessen Eigenscbaftstrager, die aus zufallsbedingten KreuzungeB 
zwiscben bTicbt-Eigenscbaftstragern entstanden sind. Aus diesen 
letzteren Kreuzungen wird eine Anzabl von Eigenscbaftstragern er 
halten, die clurcb die untenstebende Formel angegeben wird. 

L (”-H)r^ > 

1 -f nr J f 3 (I — r) 

(n + l)r^ ~ ~ [1 + nr — (n -f 1) r^] [1 + nr] 

1 + nr 


1 
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Generation 


Abb. IG. Frequonz von Heterozj’goton bei totaler Gnttenw-ahl in sukzessiven 
Genorationen, wonn oine rozessive Anlage die Froquenz r = 0.5 hnt. 
(Vgl. Tnbello 10.) 



0 2 4 G 8 10 15 20 50 100 1 000 

Generation 


Abb. 17. Frequenz von Heterozygoten bei totaler Gattenwohl in sukzessiven 
Generationen, wenn eine rezessive Anlage die Frequenz r = 0.1 hat. 
(Vgl. Tabelle 10.) 
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Insgesamt erhaltcn wir also in der (n + l).Generation die folgende 
AnzaW von Eigenschaftstragern 

(n 4- 1) r- , r^(l — r} ^ {n + 2)r^ 

~ 1 + «r [1 + Jir — {n + 1) [1 + w?-] 1 + (w + l)r 

Hieraus ergibt sicb, dass falls die Eormel fur n Generationen gilt, 
sic anch fvir {n + 1) Generationen Gultigkeit besitzt. Es wurde 
scbon gezeigt, dass die Eormel fur die 1. Generation gilt. 

Der Grenzwert Avird durcb Einsetzen von n = » erbalten. Man 
findet dann, dass die Heterozygoten verscbwinden und dass die 
Population aus Personen vom Typus RR mit der Erequenz r und 
Personen vom T)T>us DD und der Erequenz d besteben wd. Man 
crhalt eine Vorstellung dariiber wie scbnell der Prozess voi sici 
gebt durcb Abb. 16 und 17 imd Tabelle 10. 


TABELLE 10. 
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Nun diirfte cine totale Gattenwahl in mcnsclilichen Populationen 
nicht vorkommen. Das Problem bat fiir die Tierzucbt praktiscbes 
Interesse und aus diesem Gesicbtepunkt wurde das Problem ur- 
spriinglich von Kobins auf Basis bestimmter Kreuzungsschemata 
behandelt, die von Jennikgs 1916 und 1917 angegeben wurdcn. 


Positive particlle Gattenv'alil. 

Fiir den Mcnscben bat man nur mit ciner partiellen Gattenwabl 
zu recbnen, d. b. damit, dass bestimmte Eigenscbaftstrager sicb 
miteinandcr in etwas grossercm Ausmasse als bei Panmixie mitein- 
ander kreuzen. Der Prozess muss im Prinzip in derselben Ricbtung 
wie eine totale Gattenwabl virken, d. b. zu ciner Zunahme der 
Homozygotcn auf Kostcn der Frcquenz dcr Hctcrozygoten fiibren. 
JIan fragt sicb wie scbnell ein solcber Prozess vcrliiuft und gegen 
wclcbe Grenzwerte. Fiilirt a\icb dicser Prozess zu ciner volligen 
Homoz)'gotie? Eine Schwicrigkeit fiir die Losung dieses Problems 
ist, dass falls man annimmt, dass die Eigenscbaftstrager einander 
in einer bestimmten Frcquenz vorzicben, die grosser ist, als die bei 
Panmixie zu erwartende, so nimmt bierdurch die Frcquenz an Ho- 
mozygotcn zu. Wird deren Frcquenz bober, ist es indcssen sebwer 
zu entsebeiden, was cine ,,unveranderte Tendcnz“ in der veriinder- 
ten Situation bedeuten v-ird. Da uns empirisebe Unterlagen fiir die 
Annabmc fchlen, muss man sicb mit Losungen begniigen, die auf 
Annabmen aufgebaut sind, die angebraebt ersebeinen, wenn man 
aucb nicht zu bebaupten vagt, dass sic mit Sicberbeit mit dem 
iibereinstimmen, was in menscblicben Populationen wirklicb statt- 
findet. Es liegt am naebsten anzunebmen, dass ein konstanter Wi- 
derstand gegen die Verbindung von Eigensebaftstriigern vom ent- 
gegengesetzten T^qjus vorliegt. Ein konstantes Verbiiltnis der Verbin- 
dungen zvdseben Eigensebaftstriigern und Nicht-Eigensebaftstragem, 
das man bei zufallsbedingten Kreuzungen in jeder Population 
erwarten kann, bleibt aus und die Eigenscbaftstrager, die es unter- 
lassen sicb miteinandcr zu verbeiraten, verbeiraten sicb mit Eigen- 
sebaftstriigern desselben Typus. Gebt man nun von Panmixie aus 
und nimmt an, dass 2 k Ebcn von solcben zwiseben Eigensebafts- 
triigern und Niebt-Eigensebaftstriigern ausbleiben, so wird der Pro- 
zess zu einer Abnabmc der Frcquenz der Hctcrozygoten fiiliren und 
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die Anlagen entgegengesetzter Art, welclie daran verhindert wer- 
den zusammenzukommen, bilden Homozygoten. Nimint man an, 
dass in einer bestimmten Generation die Abnabme der Heterozy- 
goten 2 z/„ ist, so muss jeder der Homozygotentypen z/„ zugenom- 
men baben. Man kann nun die Verscbiebung berechnen, die von 
dieser Generation zur nacbsten stattfindet und also eine Eekur- 
sionsformel erhalten, die eine Berecbnung sukzessiver Termen er- 
moglicbt. Besteht die Ausgangsgeneration aus RR-Typen mit der 
Frequenz r- + 2?D-Individuen mit der Freqnenz 2 rd — 2 
imd Z)Z)-Individuen mit der Frequenz d" + so erhalt man die 
Freqnenz von Krenzungen imd Nacblcommen, die in Tabelle 11 
angegeben wird. 

Die Eekursionsformel erhalt also folgendes Aussehen: 


RRn = 


„ , 2 Jed- RRn—\ 
+ l-EE„_i 


RDn 

DD„ 


= 2rd — 
= d2 + 


4 Jed- RRn — 1 
1 — 

2 Jed- RRn 1 

1 — rrZ^ 


(53) 

(64) 

(55) 


Um den Grenzwert fiir die Serie zu erreichen, kann man folgen- 
des Vorgehen anwenden. Man geht von Panmixie aus imd berecli- 
net die sukzessive Verscbiebung wahrend einer Anzabl von Gene- 
rationen. Man geht femer von einer Population aus, in ivelcber man 
sicb vorstellt, dass eine totale Gattenwabl so lange stattgefunden 
bat, dass die Heterozygoten vollstandig verscbwunden sind. Be- 
reebnet man mit diesem Ausgangspunkt die Wirkung von partiel- 
ler Gattenwabl mit Hilfe der oben angefubrten Eekursionsformel, 
so erhalt man eine sukzessive Zunahme der Heterozygotie und eine 
Abnabme der Homozygotie. Es zeigt sicb nun, dass die Werte, 
welcbe man ausgebend von Panmixie erhalt und falls man vom 
Grenzwert fur die totale Gattenwabl mit einer bestimmten Anlage- 
frequenz ausgebt, bereits nacb einer ziemlicb geringen Anzabl von 
Generationen sebr nabe zueinander liegen. Zwiseben den beiden 
Werten miissen die Grenzwerte des Prozesses liegen und nacb 6 — 7 
Generationen bat man diesen Wert innerhalb so enger Grenzen ein- 
gescblossen, dass man in der Praxis keine genauere Vorstellung von 
dem Grenzwert zu baben brauebt. 
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Generation 

Abb. 18. Effekt von positiver par- 
tieller Gattenwahl in aufeinander- 
folgenden Generationen, wenn die In- 
tensitat der Gattenwahl & = 0.30 und 
die Frequenz der rezessiven Genes 
r = 0.5 ist. (Vgl. Tabelle 12.) Die 
Berechnungen sind ansgefuhrt aus- 
gehend von Panmixie und auch unter 
der Annabme, dass in der Population 
auf Grand von totaler Gattenwahl 
keine Heterozygoten existieren. 


RR 



Abb. 19. Effekt von positiver par- 
tieller Gattenwahl in aufeinander* 
folgenden Generationen, wenn die In- 
tensitat der Gattenwahl k = 0,30 nnd 
die Frequenz des rezessiven Genes 
r = 0.1 ist. (Vgl. Tabelle 12.) Dio 
Berechnungen sind ausgefuhrl nus- 
gehend von Panmixie und such unter 
der Annahme, dass in der Population 
auf Grand von totaler Gattenvalil 
keine Heterozygoten existieren. 


TABELLE 12. 


Effekt verschiedener Intensitat (le) bei positiver, partieller Gattenwahl in auf- 
einanderfolgenden Generationen bei monohybrider, rezessiver Diallelie, wean 
die rezessiven Eigenschaftstrager verschiedene Frequenz haben. Vgl. Fennel 53. 


Generation 

r- ~ 

0.001 

r- = 

= 0.01 


= 0,25 

k = O.IO 

k = 0.30 

k = O.lO 

k = 0.30 

k = 0.10 


0 

O.OOlOO 

0.00100 

0.0100 

O.OlOO 

0.2500 

0.2500 

1 

0.00119 

0.00156 

0.0116 

0.0149 

0.2667 

0.3000 

2 

0.00122 

0.00188 

0.0119 

0.0174 

0.2682 

0.31t3 

3 

0.00123 

0.00206 

0.0120 

0.0186 

0.2683 

0.3188 

4 


0.00216 


0.0192 


0.3~U- 

5 


0.00222 


0.0195 


0.320" 

6 


0.00225 


0.0197 



7 


0.00227 


0.0198 



8 


0.00228 









110 




Ill 


erhalten imd dieselbe Formel, wie fruher, gilt fiir diesen Prozess. 
(1st h kleiner als r-, so liegt eine negative Gattenwalil vor, vgl. wei- 
ter unten.) Es muss daran erinnert werden, dass h eine andere Be- 
deutung besitzt wie /c in den friiber angegebenen Formeln. Wir 
nebmen nun an, dass ein bestimmter konstanter Anteil der rezes- 
siven Homozygoten miteinander durcb Ebe vereint werden, — in 
den friiberen Formeln wurde angenommen, dass em konstanter An- 
teil von ehelicben Vereinigungen der Heterozygoten ausbleibt. 


Negative totale und partielle GattenwaU. 


Dio Wirkung eiiier negativen Gattemvabl wurde friiber nicbt im- 
tersucbt und, wie oben bervorgeboben, vmrde nicbt festgestellt, 
dass ein solcbcr Prozess in menscblicben Populationen vorkommt, 
wenn dies aucb wobl vorstellbar ist. Es zeigt sicb nun, dass fur einen 
soicben Prozess dieselbcn Formeln gclten wie fiir die positive parti- 
elle Gattemvabl. In der Rekursionsformcl andern sicb aber die Zei- 
cben zwiscben den Termen, wenn man annimmt, dass die Eben 
zwiscben den Heterozygoten um einen bestimmten Anteil /c zuneb- 
men. Die Formel wird also: 




2M-RRn 

1 — RR„ 


(57) 


Nimmt man bingegen an, dass ein bestimmter konstanter Anteil 
der rezessiven Homozygoten Ji, wenigcr als r-, sicb nicbt miteinan- 
der verbeiraten, so gilt die friiber angcgebene Rekursionsformcl (56): 


RR, 


np 7, I 2J?i?„(r RR„) h) 

n + l — H z T 


1~RR„ 




1 — RR„ 


Will man mit Hilfe dieser Formeln den Wert fiir die negative 
totale Gattenwabl erbalten, kann man in der letzteren Formel h = 
0 setzen. Hingegen kann man in der ersten Formel nicbt it = 1 
setzen, da dies bedeutet, dass Eben zwiscben Personen mit entge- 
geugesetzten Eigenscbaften in gewissen Fallen die Frequenz der 
Eigenscbaftstrager erboben wurden, und zwar mit einem grosse- 
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Abb. 20. Totfllo negative Gattenwahl in aufeinanderfolgenden Generationen, 
ivonn dor rozcssi%’o Gon die Frequenz r = 0.5 hat. {Vgl. TabelJe li.) 


ron Anteil als uutcr Berilcksiclitigung der Frequenz der Eigensciafts- 
triiger moglicli ist. Bei ncgativer totaler GattenwaU wd der Grenz- 
wert 




(58) 


Wird dieser Ausdruck in die erste Formel eingesetzt und setzt man 
in der zweitcn Formel Ji — 0, so wird folgender Ausdruck fiir das 


TABELLE 14. 


Tolalc, negative Gottcnwahl in aufeinanderfolgenden Generationen Lei rezes< 
siver, inonoliybrider Diallclic, wenn die Eigcnschaftslriiger verschiedene Ftc- 
quenz liabcn. Vgl. Formel 59. 


Generation 

mm 

m 

mm 

0 

0.001000 

O.oiooo 

0.10000 

1 

0.000999 

0.00992 

0.09423 

2 


0.00999 

0.09494 

3 

4 

5 

6 



0.09480 

0.09487 

0.09480 


r* ■ 


: 0.25 


0.2500 

0.2222 

0.2296 

0.2278 

0.2282 

0.2281 

0.2282 
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Verliiiltnis zwischen zwei aufeinander folgendc Termen bei totaler 
negativer Gattenwalil crhalten: 


J?2?n + l 


; r- 


(1 - RR^)" 


(59) 


Mit Hilfc dicser rormeln ^\^l^den die Wcrtc in Abb. 20 und Ta- 
belle 14 bereclmct. Es zeigt sicb, dass die Heterozygoten -wabrend 
einer massigen Anzabl Gcnerationcn zunebmen und dass die Serie 
gegen einen Grenzwert oszillierfc. Dies bernbt darauf, dass falls 
man bei Panmixie cine negative Gattcnwabl cinfiibrt, die Hctcro- 
zygoten in dcr crsten Generation wesentlicb zunebmen. Dies be- 
dingt, dass die naebste Generation in verbaltnismiissig grossem Aus- 
masse aus Eben zwiseben Heterozygoten stammt. Aus dicsen Ebcn 
stammen indessen verbnltnismassig \’iele Homozygoten, weswegen 
ibre Frequenz in der dritten Generation grosser wird als in der zwei- 
ten Generation. Nacb einer verbaltnismiissig gcringen Anzabl von 
Gcnerationcn -svird indessen cine Gleicbgcwicbtslage erreiebt, die 
aber nru: in massigem Grade von Panmixie .abweiebt. 1st z. B. r = 
I und kommen also die rezessiven Eigensebaftstrager in 25 % dcr 
Bevolkcrung vor, so bedingt die totalc negative Gattcmvabl nacb 
3 — 4 Generationen cine Versebiebung zu einer stabilen Lagc bei 
22 . 8 %. 


8 — 43206. a. Dahlhtrg. 



Gattenwahl, Verwaudtschaftsehe, Selektion md 

Mutation. 

, Positive Gattenwahl wiikt im Piinzip anf ahnliche Weise wie 
Verwandtschaftsehen, d. h. bedingt eine Zunahine der Homozygotie 
auf Kosten der Heterozygotie. Die Wirkung ist bei beiden Prozes- 
sen unter im iibrigen gleichen Verhaltnissen, starker ani selteneie 
Eigenschaften als auf haufig vorkommende. Indessen muss daraa 
erinnert werden, dass man sich nicht vorstellen kann, dass die Gat- 
tenwahl fiir sebr seltene Eigenschaften eine grossere Rolle spiek 
kann, weil ja in diesem Ealle die Eigenschaftstrager keine Aussiciit 
haben in nennenswertem Ausmasse einander zu finden. Es ist des- 
wegen kaum wahrsoheinlich, dass Gattenwahl fiir menschliche Po- 
pulationen eine grossere Rolle spielt und die Abweichung von Pan- 
mixie, welche Verwandtschaftsehen zusammen mit GattenwaU be- 
wirken, diirfte in den meisten Fallen als bedeutungslos angeseiiea 
werden. Es ist deswegen auch nicht wahrsoheinlich, dass diese Pio- 
zesse wesentlicher die Heterozygotenfrequenz bei der GleickgeTnclifs- 
lage beeinflussen werden, die in einer gegebenen Situation zwisckE 
Mutationen und Selektion vorliegt. Es ist aber nicht moglich, ge- 
genwartig zu einem definitiven zahlenmassigen Mass fiir die Be- 
deutung dieser verschiedenen Prozesse zu gelangen, wenn sie gleicb- 
zeitig stattfinden, da eine empirische Unterlage fiir die Berechnungffl 
fehlt. Wir werden das Problem doch in einem folgenden Abschnitt 
etwas eingehender besprechen. 


Die Bedeutung der Isolate fiir die Zusammen- 
setzung von Populationen. 

Im Vorhergehenden baben wir bei der Aufstellung von Formein 
als Ausgangspunkt eine Population mit Panmixie angewandt. Wir 
baben aber den Begriff Population nicht naher diskutiert.^ Streng 
genommen ist in diesem Zusammenhange eine Population die Vo s 
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nicngc, innerlialb ■vvelchcr Pnnniixic herrscht. In dcr Praxis konnen 
wir selbstverstandlich niit Siclicrhcit fcststcllcn, dass cine Panmixie 
so gut wic nicinals iiber die politisclicn Grenzen cincs Landes liinaus 
vorkommt. Die Annahme sclieint mebr nngcbracht zu sein, dass 
innerlialb einer Nation Panmixie vorhanden ist. Es ist aber klar, 
dass, besonders wenn es sick uni cine grosserc Nation handelt, diesc 
iVnnahmc niclvt bcrccbtigt ist. Einc Person, die in cincm bestimm- 
ten Tcil dcs Landes ivohnt, hat die Jloglichkeit sicli innerlialb cincs 
bestimmten begrenzten Gcbictcs dcs Landes und innerlialb einer bc- 
stimmten sozialcn Schicht zu verliciraton. Einc Nation, einc grosse 
Population, bcstclit also aus Teilpopulalioncn, klcincrcn Einheiten, 
innerlialb •\vclchcr man cin gros.scrcs Rccht bositzt anzunchmen, dass 
cine Panmixie vorhanden ist. Die Tcilpopulatioiicn, aus wclclicn also 
cine grosserc Nation bestclit, ivcrden Isolate gcuannt. Die Grenzen, 
ivclchc hierbei in Frage kommen, sind toils gcogrnphisclicr Art, 
z. B. Wiildcr, Flii.ssc, toils sozialcr Art. Einc Person, die einer bc- 
stiinmten sozialeii Schicht angchort, hat einc gcringcro i\l6gliclil:eit 
sich in einer Schicht oberhalb odor untcrhalb dcr cigeuen zu verhei- 
raten. 


Grosse dcr Isolate. 

Es ist nun von cincm gewissen Intcrcssc cine Vorstcllung iiber 
die Greisse dcr Isolate zu crhaltcn. Dies kann man, ivic von Dahl- 
BERG (1929) gczeigt wurdc, niit Hilfc dcr Frequenz an Venvandt- 
schaftsehen crrcichcn. "Wir haben vorher hervorgehoben, dass bei 
Panmi.xie Verwandtschaftschen zufallsbedingt auftreten miissen. 
Die Frequenz an Vcnvandtschaftsehen wird natiirlich tcilu-cise von 
der Grosse dcr Bevolkcrung und teilweise von der Grosse der Fami- 
licn abhiiugen. Wir nehmen an, dass die durchschnittliche Anzahl 
an Kindern in jedcr Familic, die das envachsenc Alter crrcicht und 
cine Ehc schliesst, b ist, sou-ic dass die Anzahl Indiiddnen diescr .;trt 
in dcr ganzen Bevolkcrung n i.st. 

Wiihlt man nun cine Person rein zufallig aus der Bcvolkening aus, 
so besitzt sic im Diirchschnitt 6(6 — 1) Vettem, bzw. Bason, mit 
denen sic sich verheiraten Icann. Die gesamte Anzahl an Lulividuon, 

mit denen sic sich verheiraten kann, ist Die Wahrscheinlich- 

keit fiir cine Vetternehe c ist also: 
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und «-i = 


(60) 


Bei der Aufetellung dieser Formel mussten wix den GescUecMs- 
unterschied nicht beriicksiclitigen. Eine Person kann sick ja mit 
wner anderen Person des gleicken GescUecktes nickt verkeiraten 
Dieser Eaktor wirkt in gleick starkem Grade auf das Eingeken einer 
Eke kemmend, rvenn es sick tun Verwandte, -wie urn andere Persoaen 
in der Bevollvcrung kandelt. Aus d'iesem Gninde muss man den 6e- 
schlecktsunterschied nickt beriicksicktigen. Im Hinblick auf den 
Altersuntersckied zwiseken den Individuen einer Bevolkerung kann 
man vielleickt wagen zu bekaupten, dass dieser eker fiir die gesamte 
Anzakl von Individuen in einer Bevolkerung als fur Vettem und Ba- 
sen Bedeutung besitzt. Wahlt man mit anderen Worten wahllos 
zwei Vettem ans, so ist deren wakrsckeinlicker Altersuntersckied 
geringer als der Altersuntersckied, den ztvei wakUos ausgewaklte, 
nickt miteinander verwandte, unverkeiratete Personen aufweisen. 
Dies bedingt, dass der faktiseke Ereqnenzwert fiir Vettemehen et- 
was grosser sein muss, als es die Formel erfordert. Sckliesslick soli 
kervorgekoben werden, dass die Vettem bzw. Basen einer bestimm- 
ten Person auf Grund von Ortswecksel, der in einer Bevolkerungvoi- 
kommt, ausserkalb der Grenzen des Isolates leben konnen, zu wel- 
chem die betreffenden Personen geboren. Dieser Eaktor wirkt also 
auf die Weise, dass ein bestimmter Vetter oder eine bestimmte Base 
eine etwas geringere Moglickkeit kat sick mit einer seiner Basen oder 
einem seiner Vettern zu verkeiraten, als dies die Eoimel forderfc, 
dies wirkt also gegen die Eaktoren, die wir vorker besprocken Baben. 
Es ist wokl gegenwartig unmoglick, fur die Bedeutung dieser Fakto- 
ren ein exaktes Mass zu erkalten. Es ist aber a friori kaum wakr- 
scbeinlicb, dass die betreffenden Eaktoren eine allzu grosse Bedeutung 
baben wiirden und wir konnen wobl annekmen, dass der Erequenz 
wert fiir die Vetterneken, den wir empirisck finden, wemgstens kei 
einigen Populationen einigermassen mit dem iibereinstimmt, wa^au 
gemass der Formel zu erwarten kat. Die Kinderanzakl in 
euxopa ist ungefakr 2 pro Eke. Es soli daran erinnert werden, ® 
es sick um erwacksene Kinder kandelt, weicke eine Eke schliessen 
Ist diese Anzakl im Durckseknitt zwei pro Familie, so kalt sic i 
Bevolkerung konstant. Ist die Anzakl drei, so nimmt die ev 
kerung in einer Generation run 50 % zu. Kackdem die Population 
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TABELLE 1C. 

eolatgrossc (= n) Lei zufallsLcdingtcm Vorkommen von VcltcrncLcn in ver- 
scliicdcncr Haufigkeit (= c). Vgl. Fennel 60. 


c 

n 

O.OOOl 

40 000 

O.oot 

4 000 

0.0025 

1 COO 

0.005 

800 

O.Ol 

400 

0.05 

80 

0.1 

40 


in ihrer Grosso nnhczu konstant sind, bcdcutct dies, dnss die Kin- 
deranzalil ungcfiihr zwei ist. Nimmt man die Kinderanzald zu zwei, 
so lindefc man bei verscliicdener Frequenz an Vettemehen die Werte, 
■wclclic in Tabcllc 15 angegeben sind. Es soil aber daran ermnort 
W'erden, dass diese Wcrlc approximativ sind. Wir baben angenom- 
mcn, dass die Familicngrossc konstant ist oder unbedeutend variiert. 
Variiert die Grosso bctriiclitlichcr, so muss dies bedcuten, dass man 
cine grosscrc Frequenz an Vcttcmcbcn zu CTYrartcn bat, ■was scincr- 
seits bcdcutct, dass die Werto, die in dcr Tabelle angegeben warden, 
durcbgebend ctwas zu niedrig sind. Es wiirdc indcssen kaum von 
Intercssc sein korrclcterc Bcrcclinungcn auszufuhren, da es sicb ja 
nur darum bandclt, cine Vorstcllung iiber die Grossenordnung der 
Isolate zu erbaltcn. In dicscra Zusammcnb.ang muss hervmrgcboben 
warden, dnss dcr Isolatbcgrilf, um den es sicb bier handelt, cine 
Sebematisierung der Situation d.arstcllt. Strong genommen fallen 
die Isolate fiir zwei Personen nicmals vollstiindig zusammen und 
das Isolat fiir gewisse Personen gebt allmublicb in dcr Population 
auf, obnc dass man inuncr von scbarlcn Grenzen spreeben kann. 
Eine andere Person des cntgcgcngcsctzten Gcscblecbtes hat gcringcre 
Aussiebten mit ibr die Ebc zu scblicsscn, jc grosser der Abstand 
zwiseben beiden ist, Gebt der Abstand iiber cine gewisse Grenze 
binaus, so ist praktiscb genommen koine Jloglicbkeit fiir eine Ebe 
zwiseben don betreffenden Personen vorbanden. Eine Gnippe von 
Personen, die nabe zueinandet wobnen, bat indessen im grossen und 
ganzen ein gcmcinsamcs Isolat. Zwiseben den Isolatcn dcr ver- 
sebiedenen Personen sind mit andcren 'Worten die Untersebiede un- 
bedeutend. Die Verbiiltnissc sind sclbstverstandlicb in den verscliie- 
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™Sea feden sicl sckrie 
fcotegieazen, m anderen amd die Greaeen wenigei seharf, aber aaci 
m den letzteren ist selbstverstandlich insofeme eine Isolierung vor- 
banden, dass erne Person Aussictt bat, ebeliche Verbindungen nur 
mit einer be^enzten Anzabl von Personen emzugehen. Es muss fer- 
ner daxan erinnert werden, dass ein Isolat zeitlicb nicbt scbarf be- 
pnzt ist. Die Generationen geben obne scbarfe Grenzen ineinander 
iiber. Ancb bierbei baben wir uns erlanbt zu scbematisieren. Die 
Isolate ebenso die Generationen, mit denen wir recbnen, sind also 
fiktiv und sind fest abgegrenzte Einbeiten, welcbe die unscbarfea 
Isolate xmd Generationen ersetzen, die in Wirklicbbeit vorhanden 
sind. Es ist notwendig sicb bieran zu erinneren, wenn man dea Iso- 
latbegriff anwendet. 

Wenn es sicb datum bandelt, eine Vorstellung iiber die Isolatgrosse 
zu erbalten, so muss vor allem daran erinnert werden, dass diese 
selbstverstandlicb in bobem Grade variiert. Das eine Extrem stellfc 


die Grosstadt mit ibxen beweglicben Menscbenmassen dar, das an- 
dere ein Land mit Einodecbarakter, z. B. im nordlicbenEuropa,mit 
kleinen isolierten Dorfem. Hierzu kommt, dass die Grosse der Iso- 
late gegenwaxtig anf Grund der Entwickltmg der Kommunikationen, 
der Elucbt in die Stadte u. s. w. grossen Vexscbiebungen unteiwoiiea 
ist. Mit Hilfe der zuganglicben Werte diiifte man davon ausgehea 
kdnnen, dass Vetterneben in alterer Zeit nabezn in 1 % vorkamen, 
was einer Isolatgrosse von 400 Individuen entspricbt. Gegenwarfig 
scbeinen sicb Vetterneben in ihrer Erequenz 0.25 % zu nabern, was 
einer Isolatgrosse von 1600 Individuen entspricbt. Letzteres wiirde 
bedeuten, dass eine Person im Durcbscbnitt jetzt die Moglichkeit 
bat bei der Ebescbliessung unter 800 Personen anstatt friiber unter 
nur 200 Personen zu wablen. 

Es ist ia klar, dass wenn zwei Isolate, zwiscben welcben em Aus- 
tauscb stattfindet, verscbiedene Bescbaffenbeit aufweisen, 
Austausob einen Ausgleicb des Unterscbiedes zwiscben den Iso aten 
bewirken muss, falls bei den Kreuzungen, die binaus uber die so- 
latgrenzen stattfinden, keine Selektion stattfindet. Es ist klar, a 
falls es sicb um soziale Isolatgrenzen bandelt, man mebr An affi i 
eine soicbe Selektion zu erwarten, als wem es sicb um geograp i 
Isolatgrenzen bandelt. Liegt aber keine Selektion vor, so van > 
wie bexeits bervorgeboben, Kreuzungen iiber die Isolatgrenzen i 
bedingen, dass der evt, vorbandene Untersobied zwiscben en 
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laten im Hinblick auf die Vererbimg ausgcglicben wird. Nachdem 
dies gcschchen ist, besitzen. die Isolatgrenzen keine Bedeutung mehr. 
Wir konnen dann damit reclinen, dass fur die gesamte Population 
cine Pamnixie vorliegt'. 

Es ist nun am intcressantesten zu untersueben, welches Ergebnis 
erhalten wird, wenn die Isolate cine voneinander abweichende Be- 
sebaffenbeit baben. 


Die Bedeutung der Isolatgrenzen bci monohybrider 

Diallclic. 

Wir geben von einer Population aus, die aus zwei Isolaten bestebt, 
zwiseben welcben keine Ivreuzungen stattfinden. In jedem der Iso- 
late ist Panmixic vorbanden. Wir nennen die Isolate G und H und 
nebmen an, das sicb deren Grosso wio g : h vcrbiilt imd dass 
g -If h = \ ist. Die Gametou mit der rezessiven Anlage R baben in 
G die Frequenz und in H die Frequonz Die Frequonzen der ent- 
sprechenden dominanton i\nlnge D sind dg bzw, d/,, wobei = 1 

und -b (f/, = 1. Die Ziisaminonsetzung der Isolate ergibt sicb aus 
Tabcllc 16 (wclcbc cbenso wic Tabclle 17 aus einer Arbeit von Wah- 
LUXD 1928 stammt. Waiiluxd ist der erste, dor dicse Problemo 
bebandolt bat. IVir folgen bier seiner Darstellung). 


TABELLE IG. 
Vgl. Text. 


Zygotcnnrtcn 

Proportionen 

in G 

in H 

Rozessivo Homozygoten, RR 

Iloterozygotcn, RD 

Dominnnto Ilomozvgotcn. DD 


4 

-r/, dh 
‘>h 

Rozessivo jrcrkmnlsfriigor, RR 

Dominnnto Jlorkmnlslriigor. RD+DD . . 




Die Verbiiltnissc in der gosamten Population erbiilt man dadurcb, 
dass man die Isolate proportional zu ibrer Grosso zusammenscbliigt. 
Das Ergebnis ist aus Tabellc 17 crsicbtlicb. 
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TABELLE 17 . 
Vgl. Text. 



Zygotenarten 


Rezessive Homozv- 
goten, RR . . . _ _ 

Heterozygoten, RD 

Dominante Homozv- 
goten, DD _ 

Rezessive Merkmals- 
trager, RR 

Rominante Merkmals- 
trager RD+DD j 


Tatsachlich (I) 


+ hr? 

^ 9 rgdg^ 2 - 
gdl + hdl 


inren Game. _ 

tenproportionen ^erschuss 
berechnet (2) (l) — (2) = (3j 


(gr^ + hr^)^ 
^(grg +^r^) 
•{gdg 




{gfg + hrj^ )2 I J^gj^ J, ^ 

l~(grg+hr,)^l ~ffh(r^~r,)>i 


m bzw. DD Individuen) * , “eit Homozygoto 

der ganzen Popuiatiot “p ™. wiirdea, ftlls in 

achuaa*:^ iedellt^gfraTr ww“df 

Zunahme In reJiL t , giW and din 

die Abnahme der Heteozygir ar''‘®'“ 

scWs^mS?* Darstellmg des Homozygoteniiber. 

werin di^I f T^erhaltaissen. Entlapg der Absrfe 

Tdl rf„ Gametepproportionea (r, - rj 

zvaoTan r '’ar Karve geben die taC 

ygotenzmahme gemasz des Ausdrucks ap, den wir oben angefiibrt 


■ , S^bsser die Unterschiede zwiscken dep Gametepproportionen 

en eiden Isolaten sind, um so grosser wird die Homozygoten- 

i«f TT' Grossenunterschied zwischen den Isolaten 

t, desto grosser wird auci der tlberscliuss. Die maximale Wirknng 
ate wird erkalten, wenn die Isolate gleicli gross sind, sowic 
T I f ^7 zwischen den Gametenproportionen in den 

^ diesem Dalle wird jedes der Isolate aus der ent- 
? . Somozjgotenart besteken. Heterozygoten sind dann 

or anden. Sind die Isolate gleich gross, miissten bei diescr 
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9^ (Tg-rj^f 
0.25 


g^h — Q.h 


0.2 0 


Sr = 0.3 
ft = 0.7 


0.16 


? = 0.2 
ft = 0.8 


0.10 


3 = 0.1 
ft = 0.0 


0.05 



0 0.1 0.2 0.3 0.4 0.6 0.6 0.7 0.8 0.0 1.0 (rj-r*) 


Abb. 21. Untorsehicd g ft zwischon den tatsaohlichen und den ana 

den Gnmetonproportionon borechnoton Homozygotonproportionen RR oder 
DD, wobei der Untoreohied {rg—r/^) znischen den Gametenhaufigkeiten zweier 
in dor Population enthaltenor Isolate imd den Antcilen der beiden Isolate an 
dor Totalpopulation g und ft variiert. 


Gametenbeschaffenlieit 50 % Heterozygoten erbalten werden und 
der Wegfall derselben ist also die maximale Wirlomg, welche die 
Isolate haben konnen. Je Ideiner das eine Isolat im Verhaltnis zum 
anderen ist imd je geringer der Untersebied in ihren Genzusammen- 
setzungen ist, desto geringer ist die Bedeutung der Isolatgrenzen. 

Man kann auf analoge Weise zeigen, dass falls man m Isolate 
bat, tvelcbe proportional die Grossen u mit dem Gebalt 

an Genen rn rj . , . sowie eine Freqiienz r der 12-Gene in der 
ganzen Population baben, so wird der tJbersebuss an rezessiven 
(oder dominanten) Homozygoten: 


h {!■ — i'i)“ -hizir — J-o)* 4- is {r — r^f + . 



(61) 


Diesen Ausdmek nennen wdr cr?. Er stimmt namlicb mit dem 
Quadrat der Standardabweiebung fiir eine Serie, zusammengesetzt 
aus den Gametenproportionen in den versebiedenen Isolaten, pro- 
portional zur Grosse der Isolate, iiberein. 
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ese Tatsache besitzt nun praktisches Interesse. Nimmt'man eine 
empmsclie Untersuchung einer bestimmten Bevolkeruag vor und 
teilt das untersuchte Material in mehrere Distrikte ein, so muss maa 
erne gewisse Variabilitat im Gehalt der rezessiven monoiybriden 
^igenscbaftstrager finden, die auf einer zufallsbedingten Variation 
beruit, deren Grosse durcb die Grosse des Materials bedingt wird. 
Die Standardab-weicbung, die aus dieser Quelle stammt, nenuen wir 
<Tn- Wir erbalten ferner eine Variabilitat, die dnrcb einen evt. unter- 
scbiedlicben Gengebalt in den verscbiedenen Isolaten bedingt wird. 
Dur diese Standardabweicbung baben wir oben einen Ausdruck gefun- 
den und wir baben sie mit bezeicbnet. Die zusammengesetzte em- 
piriscli gefundene Standardabweicbung ist also auszwei Aitenvon 
Standardabweicbung zusammengesetzt, und zwar gemass der For- 
mel: 


^ f—y On d- Oi 


(62) 


Die Standardabweicbung, die man auf Grand der Grosse des Ma- 
terials und des durcbscbnittlicben Gengebalts zu erwarten bat, karm 
ja leicbt tbeoretiscb berecbnet werden. Da man also und in 
der obenstebenden Gleicbung kennt, kann man die Abweicbung, 
welcbe die Isolate bedingen, beiecbnen nnd erbalt ein Mass ftir sie. 

Hat man nun ein grosses Material zui Verfugung, so wird die 
Standardabweicbung, welcbe durcb die begrenzte Grosse des Materials 
bedingt wird, verscbwindend Hein. Die empiriscb gefundene Stan- 
dardabweicbung wird dann so gut wie ausscbliesslicb duich diejenige 
Standardabweicbung konstituiert, welcbe duxcb die Verschiedenheit 
der Isolate in der Bevolkertmg bedingt wird. Hat man ein seiir 

grosses Material, kann die Standaxdabweicbrmg, diemanbeiderAuf- 

teilung in kleinere, aber nicbt zu Heine Distrikte erbalt, so betracb- 
tet werden, dass sie so gut wie ausscbliesslicb auf dem Homozygoten- 
uberscbuss berubt, der durcb die Isolatgrenzen bedingt wird und fib 
jbu einen Ausdruck darstellt. Ist also diese Standardabweichuug ' em 
Oder 0, so besitzen die Isolatgrenzen keine Bedeutung, die Bevolkerung 
ist im Hinblick auf die Vererbung bomogen. 

In einer soloben Bevolkerung baben die rezessiven Homozygo 
die Frequenz die dominanten Homozygoten eine solcbe von 
imd die Frequenz der Heterozygoten betragt 2 rd. Aus der 
der rezessiven Eigenscbaftstrager kann man also T berecbnen. 
die Isolatgrenzen Bedeutung und baben die Isolate also emen v 
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■einander abwcicbendcn Gehalfc an Genen, so erhiilt man durch eine 
solclic Bereclinung eincn falschen Wert fiir die Prequenz der R- 
Gameten. Der riclitige Wert lur diese Frequenz wird erhalten, 
wenn die Frequenz der rezessiven Eigenscliaftstrager r- genannt wird 
und man trf auf die oben angegebeno Art aus dem Ausdruck 

= Y^- + o\ 

berechnet. Der korrigiertc Wert fiir die Frequenz dor D-Gene wird 
auf folgendc Weise erhalten; 

1 j. p? (64) 

Im grossen und ganzen diirfte man envarten, dass die Isolatgren- 
zen vor allcm Bedeutung bnben wurden, wenn cs sicb nm seltene 
Eigensebaften liandclt. Haudclt cs sich um biiufig vorkommendc 
Eigensebaften (falls man Rasscnuntcrscbicdc ausnimmt, vgl, weiter 
unten), so ist cs niebt so wahrscbeinlicb, dass Untcrscbicdc zwiseben 
den Isolatcn in dera Ausinassc vorlicgen, dass sic u’cscntlicbe Ab- 
weiebungen von dem verursachen, was man bci Panmixic Uber die 
gesamte Bcvolkcning zu orwarten bat, Gcrade das, dass cine Eigon- 
schaft biiufig vorkommt, d. h. allgcracin vorkommt, sebliesst ja in 
gewissem Masse grosscrc Untcrscbicdc zwiseben den Isolatcn in einer 
Population aus. Ist bingegen eine Eigensebaft seltcn, muss sic ja 
gcrade auf Grund ibrer Seltenbcit nur in einigen Isolatcn vorkommen 
konnen, wiibrend sic in andcren feblt. In einer solcbcji Situation muss 
man die Isolnigrcnzon benicksicbligcn, wenn man die Frequenz der 
Heterozygoten bercebnen will. Untcrsucht man z. B., \no sicb das 
Yorkonimen einer seltonen Ivrankhcit in cincm Land gcstaltet, und 
findet man, dass sic nur in begrenzten Hcrden auftritt, so darf man 
selbstvcrstilndlicb boi dor Bcrccbnung der Hctcrozygotenfrcquenz 
niebt eine Panmixic iibcr die gesamte Bcvolkcning voraussetzen. 
Man erbiilt dann niimlicb e\ndcnt cinen viel zu boben Wert fiir das 
Yorkommen der Heterozygoten, Man muss die Bereclinung auf die 
Isolate begrenzen, in welcben die Ivrnnkbeit vorkommt und tut man 
dies, so erbiilt man cine wescntlicli niedrigere Hctcrozygotenfre- 
quenz fiir das gesamte Land, als man sie nneb der foblerhaften Bc- 
rechnung erbiilt, (Sjogiien bat z. B. 1931 die Heterozygotenfre- 
quenz fiir juvenile araaurotisebe Idiotic in Sebweden zu 1 % bereeb- 
net. Der riclitige Wert ist ein Brucbteil da%’-on.) 


m 


sie cr- 
m 
zu 


Die Isolatgrenzen besitea u. a, deswegea Intense, iveil sic , 

^ laren, warum man scWere, seltene, rezessiv erbliclie KranJdieib 
in abgelegenen and abgegrenzten Dorfern vorfindet. Urn dies 
versteben,^ muss man sicb nur Folgendes iiberlegen. Entstebt eine 
Mutation m der Bevolkerung eines bestimmten Isolates und breiteb 
sie sich bauptsacblicb nur dort aus, (aber kaum ausserbalb des Iso- 
lates), so ist die Wabrscbeinlicbkeit dafiir, dass die Anlage in doppd- 
ter Dosis zusammentreffen wird, grosser, wenn das Isolat klein ist, 
als wenn das Isolat gross ist. In einem kleinen, abgelegenen Dorf 
mit scblecbten Kommunikationen sind die Verbal tnisse fiir das Aaf- 
treten von Krankbeiten dieser Art giinstig. In grossen Isolaten, 
z. B. in einer Grosstadt, ist bingegen die Aussicbt, dass eine solclie 
Anlage sicb manifestiexen wird, klein. Aus diesem Gnmde findefc 
man scbwere bTervenkrankbeiten, Idiotieformen und abnliches in 
Dorfern, die weit abgelegen sind und scblecbte Kommunikationcn 
besitzen. In diesen Dorfern ist die Lebensweise in der Hegel ziemlicb 
primitiv. Die Bevolkerung macht den Eindruck auf einem niedrigcn 
kulturellen Niveau zu steben. Man kniipft in diesem Ealle geme die 
erblicbe Krankheit mit dem primitiven kulturellen Standpunkt zu- 
sammen und dentet mebr oder minder bestimmt an, dass es sicb urn 
eine Degeneration bandelt, die beide Erscbeinungen verursacbt und 
ibre Ursacbe in Verwandtscbaftseben bat. In Wirklicbkeit ist der 
Mangel an Kommunikationen die Ursacbe, da durcb sie die Isolat- 
grenzen erbalten bleiben. Das kulturelle Niveau bat selbstverstiind- 
licb aus Vererbungsgesicbtspunkten keine Bedeutung. Man kann 
natiiriicb sagen, dass Verwandtscbaftseben eine Rolle spiclen, cs 
bandelt sicb aber um Verwandtscbaftseben, deren Frequenz nur 
dem zu entsprecben braucbt, was man bei Panmixie inncrbal 
des Isolates zu erwarten bat. 


Anfliebung der Isolate bei Monohybriditat. 

Diese Gesiobtspunkte fubren auf die Frage iiber, welche Bedeutung 
einer Aufbebung der Isolatgrenzen moglicberweise bedingcu 'a 
Wir untersuchen erst, welcbe Bedeutung die Aufbebung der so ^ 
bei monobybrider Diallelie besitzt, und zwar unter der Voraussetzuu , 
dass es sicb um eine seltene Anlage bandelt, die in den um icgeii 

Isolaten feblt. Vgl. Dahlberg 1938. 1st die Frequenz des bens , 
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und vergrossert sich das Isolat uin a Teile von sicli selbst, so wird 

r 

die Genfrequenz in dem neuen Isolat Frequenz der 

Eigenscliaftstrager 


RR^ 


r2 

(i+or- 


Wird mit anderen Worten die Isolatgrosse verdoppelt, so wird die 
Frequenz der Eigenscliaftstrager auf ^ der urspriingliclien Frequenz 
sinken. Nimmt aber die Frequenz der Eigenscliaftstrager auf diese 
Weise ab, so muss man sicb vom Standpunkt der Population aus 
daran erinnem, dass die Isolatgrosse auf 1 4- a zugenommen bat. 
Die niedrigere Frequenz ivirkt sicb also auf das vergrosserte Isolat 
so aus, dass vom Standpunkt der Population aus die Frequenz der 
Eigenscbaftstrager nacb dor Formel 


RR = 


r2 

1 o 


( 65 ) 


abgenommen bat. Dies bedeutet, dass die Frequenz der Eigenscbafts- 
trager in einer Population proportional zur Aufbebung der Isolate 
innerbalb der Population abnimmt. Werden die Isolate an Grosse 
verdoppelt, so nimmt die Frequenz der Eigenscbaftstrager auf die 
Halfte ab. Im Hinblick auf die Frequenz monobybrider, rezessiver 
Defekte gebt mit anderen Worten gogenwartig ein Prozess von sebr 
entsebeidender Bedcutung vor sicb. Auf Grund der Industrialisie- 
rung, der Entwicklung der Kommunikationen und des Zuzuges in 
die Stadtc, vrerden die Isolate aufgeboben, vras u. a. daraus ersiebt- 
iicb ist, dass die Frequenz an Vetterneben abnimmt, was bereits 
fruber bervorgeboben ivurde. Dass Vetterneben seltener werden, 
wild u. a. teilweise durcb die Vergrossenmg der Bevolkerung be- 
dingt. Nimmt ein VoUc an ZabI zn, so miissen ja aucb die einzelnen 
Isolate an Grosse zunebmen. Die Zunabme, welcbe durcb die Ver- 
gtosserung der Isolate innerbalb ibrer eigenen Grenzen bedingt wird, 
ist fiir die Frequenz der Anlagen innerbalb der Isolate obne Be- 
deutung, falls niebt Selektion oder Mutationen bierbei Versebie- 
biingen verursacben. Aucb wenn man damit reebnet, dass ein Teil 
der verminderten Frequenz an Vetterneben durcb eiiie Zunabme der 
Bevolkerung bedingt wird, so muss die Verminderung docb zum 
■ffesentlicben Teil auf einer Aufbebung der Isolate beruben. Will 
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man votsichbg sem, so kann man damit technen, dass die Isolate 
wemgstena an Grosse verdoppelt weiden und vieBeicht dreifacie 
Grosse angenommen haben, beurteilt nacb den Werten fiir die Re- 
queue an Vetterneben in gewissen Teilen Deutsclilands. Dies muss 
mit sicb gebracbt baben, dass die Frequenz seltener, monobybrider 
rezessiver Defekte auf etwa die Halite oder ein Drittel gesunben 
ist. (Dass in der offiziellen Statistik die Frequenz defekfcer Indivi- 
duen zunimmtj diirfte mit einer besseren Registrierung zusammen- 
bangen. Teilweise sind sie ja iibrigens milieubedingfe.) 

Scbliesslicb soil bervorgeboben werden, dass der Dnterscliied 


zwiscben Stadt und Land im Hinblick auf die Frequenz des Vor- 
kommens defekter Individuen teilweise dadurcb bedingt -svird, dass 
die, welcbe in die StMte einwandern, ein ausgewabltes Material 
darstellen, in welcbem die Defekten unterreprasentiert sind. Ziun 
Teil berubt der Unterschied zwiscben Stadt und Land sicber daiaaf 
dass die Stadte grbssere Isolate sind, in welcben die erbbcb bediagten 
Anlagen zu Heterozygoten verdtinnt werden und also eine geringere 
Aussicbt fur ein Zusammentreffen im bomozygoter Form babea. 

Wir baben die Anfbebung der Isolate xmter der Annabme untei- 
sucbt, dass es sicb um sebr seltene Anlagen bandelt, 'die nur m einer 
kleineren Anzabl Ton Isolaten in einer BeToikerung vorkommen, 
gleicbzeitig, wie wir angenommen baben, dass die Isolate auf Grand 
der Isolataufbebung an Grosse zunebmen. Man kann einen Scbritt 
weiter geben und die Wirkung einer Isolataufbebung untersucben, 
wenn nur XJnterscbiede in der Anlagefrequenz zwiscben den ver- 
scbiedenen Isolaten vorliegen. (Vgl. Wahltjnd 1928.) Der Einfacb- 
beit balber nebmen wir an, dass ein Austauscb zwiscben den Lola- 
ten stattfindet, obne dass der Anteil an der Bevolkerung vemndeit 
wird, den sie ausmacben. Wir nebmen also an, dass in einer 
konstanten Bevolkerimg die Isolate konstant sind, was bedeute , 
dass einer Einwanderung in ein bestimmtes Isolat cine 
wanderung von derselben Grossenordnung entspricbt. Nebmen w 
an, dass in einem bestimmten Isolat die Anlage die Fre^enz 
besitzfc imd dass ein bestimmter Teil des Isolates a aus 
derern bestebt, die gegen die Auswanderer ausgetanscbt 
Die Eingewanderten baben den Anlagegebalt Man er a 
in der ersten Generation folgende Proportion der Anlnge. 
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In der nacbsten Generation erhalt man die Proportion: 

imd nacli n Generationen erhalt man: 

= (1 - r:,„. (66) 

1st der Anlngegohalt der Eimvanderer konstant, so wird nacli n 
Generationen der Unterscbied zwiscben dem Anlagegebalt des Iso- 
lates und dem der Eimvanderer der folgendc: 

r,„ - = (1 - «,„) - 1,). 

Die gesamtc Vcrscbicbung wird dann: 

= (1 — a,, ) (1 — «,.) (1 — • • • (1 — (r, — r^); 

und sctzt man 

1 - a. ^ V(l~o,J (1 ~a~f(l ~a,f- ■(l-'a.J, 
so crhalt man folgendc FonncI: 

r,„ —Tz == (1 — 0 ,)" (r, — r,). (67) 

Wcnn a, ein Bruch ist, niihcrt sicb (1 — a,)" bci zunebmendem n 
immcr mebr dem Wert 0, so dass allmriblich der Unterscbied im 
Anlagegebalt ziviscben den Eimvanderern und dem Isolat ver- 
scbwindct und die Vcrscbicbung gebt erst rascber, spater lang- 
samcr. 

Man kann nun cine Eimvandcrung von vcrscbicdener Grosso und 
mit einem variierendcn Gcbalt der Anlage aus einer Bevolkerung in 
emem Isolat mit einer Eimvandcrung von variierendcr Grosse, aber 
konstantcm Gcbalt, cntsprccbcnd dem, den die BevoUceriing aufweist, 
ersetzen. Hicrbei muss man im Hinblick auf den Antcil, den das 
Isolat in einer Bevolkerung nusmacht, korrigicren. In einem bestimm- 
ten Isolate, zum Beispicl in dem s-ton, dcssen Antcil an der Gesamt- 
population als i, nngenommen ist und dcssen urspriinglicbc rezessive 
Gametproportion mit r,bczcicbnetu-ird, wird die erstc Eimvandcrung, 
we Icicbt gezeigt verden kann, folgenden Cbarakter baben 

1 it 

^ r — r r, 

1 — i, 1 — tt 
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Die Proportion der zweiten Einwanderting 


1 — i. 


rr- 


1 


u. s. w. Es wird ja namlicli vorausgesetzt, dass ein Ausgleiclisprozess 
■vor sicli geht nnd weiter, dass in jedem Isolate die Einwanderung 
eine representative AnswaU ans den librigen darstellt. Dalier kann 
man ersetzen: 


' ' ‘ 


mit 


I — is l~is l~i> 


bzw. — ^ 


1 is 


Man erhalt dann folgende Gleicbung: 


Wird 


a. 


l—is 


: hs gesetzt nnd ist 


1 -hs = 

so erlialt man 


( 68 ) 


Maohen die Ein- und Auswandertmg einen Anted p, der Bevolteiung 
ans, so ist 

Die WahraoWnlichkeit fur eine »g 
nnd der nbrigen Bevolkemng let gleicli Bto* 

annetaen, dasa Answanderung md des IsoWes 

Bind, rrird die Halite der BheBcUreas^gen 

nnd die Halite in der Population Btatttod^^ 

die Proportion der ein- nnd gelt deswegea 

Die irirkliole Proportion ist p und bus de ,„a der 

hervor, dass b, der Anted ist. welohen die Emwande 
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Binwandenmg ausmaclaen, die man bei Panmixie crwarten wurde. 
Findct koine Einwanderung statt, ist 6, = 0. Und bei Panmixie 
ist b, = 1. Bczoichnet man die Abweicbiing von 1 mit j?, und ist 
also /?, = 1 — b^, so orhalten wir ein direktes Mass fur die Starke 
der Isolierung, ist also ein Mass fiir die Isolierung, ein IsoUerungs- 
falior. Man kann die Formel also auf folgende Weise scbreiben: 

r = (/?,)” (r*-r). (69) 

Fiir andere Isolate konnen analoge Formoln aufgestellt werden imd 
wir erbalten desvregcn folgenden Ausdruck fiir die Abweicbung der 
Isolate von dem Anlagegehalt der Population nacb n Einwandenmgen: 


Oi. = J*! (r.-r)=. (70) 

Tauscht man die Isolierungsfaktoren /?„ ... gegen einen 
diirchscbnittlicben Faktor fi aus, so vdrd folgende Formel orhalten: 


a;. = (/?)=" 0= 

odor 

On = (/?)" cr- 


Hieraus wird erbalten: 


'll. 

log 


(71) 


(72) 


Mit Hilfo dieser Formel kann man berecbnen, wie viele Generationen 
vergangcn sind, und zwar bei einer gowissen Intonsitiit der Isolie- 
ning, bevor ein bcstimmter Grad des Ausgleichs zwisclien den Isola- 
ten stattgefundon hat. I\Ian kann z. B. die Fordorung aufstellen, 
dass der Ausgleich eine Vermindcning der Standardabweichimg um 
Oder 2 ^ bedeuten soil. Es zeigt sich, dass falls der Isolierungs- 
faktor 0.6 ist, man eine Homogenitiit der Population erreicht hat, 
die bedeutot, dass die Standarddeviation nach 3 Generationen auf 
j'f, tuid nach 4 Generationen auf abgenommen hat. Ist der Isolie- 
rungsfaktor 0.9, so sind die entsprechenden Werte 22 und 29 Gcne- 
rationeu. Vgl. Tabellc 18. 

9 — 43205. O.Dahlberg. 
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TABELLE 18. 

Geschmndigkcit des Ausgleiches der Gamelenproporlionen einer Pon I • 
bei verschicdcnen Wcrten des Isolierungsfaktors. ” 


Wenii oino Popula- 
tion als homogen 
betrachtet -wird bei 
einor Verringerung 


tritt nach folgender Zahl von Generationen Homo- 
gemtat em, falls der Isolierungsfaktor = 


uor owinaaraaevia- 
tion zu 

i 

0.1 

0.2 

0.3 

0.4 

0.5 

0.6 

0.7 

0.8 

0.9 

1 










5 

1 

1 

1 

2 

2 

3 

5 

7 

15 

1 










10 

1 

1 

2 

3 

3 

6 

6 

10 

22 

1 










20 

I . 

2 

3 

3 

4 

6 

8 

13 

29 


Auflosimg der Isolate bei Polybybriditat. 


Wenn die Isolatgrenzen vollstandig aafgelioben werden, wird in 
einer einzigen Generation ein Gleicbgewiclit erbalten, wenn es sicli 
uni monobybride Eigenscbaften bandelt; bingegen gebt die Ver- 
diinnung nicbt ebenso scbnell vor sicb, wenn es sicb uin polybybride 
Eigenscbaften bandelt, XJm dies zu untersucben, nebmen wir an, 
dass eine Vermiscbung von 2 Populationen, in weicben eine dihy- 


bride Eigenscbaft in unterscbiedlicber Erequenz vorkommt, statt- 
findet. Vgl, Wahlund 1928. 

Wir bezeicbnen bei dialleler Dibybriditat die beiden rezessiven Gene 
mit i?! und Rz, welcbe den dominanten Genen und entsprecben. 
Es wird angenommen, dass die ersteren in einer Population mit der 
Erequenz und rg, die letzteren mit einer Erequenz von ^nd dj 
vorkommen, wobei rj -f = 1 und rg + c^g = 1- 3)^® werden 
zu den Gameten R 1 R 2 , RiB^ D^R^ und zusammenge 

setzt und deren Erequenzen mit (r^rg), (rjdg), (di^g) bzw. (12 
bezeicbnet, wobei {r-^r^ + + {dxd^=^'^- ® 

die Gene zufallsbedingt kombiniert sein, miisste (rirg) = (^1 ’ 

= (Zg u. s. w. sein. Wir nebmen indessen an, dass durcb 
scbung in die Population diese Zufallslage gestort wird, so a^s 
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{r^r^} = T^r, + 

(rj d„) = rj (i. + Jji, D, 

^s) — ^Di n, 

((?! d„) — d^d, + Jo^ j), 

Durcli paarweise Summicrung diescr Glcicliungcn tind weil + dj = 
1 imd fo + rfo = 1 crliiilt man: 

Ji. = — D, = — ^D, n, — ^D, D.- 

Die Formcln konnen also auf folgendc Weisc gcschrieben werden: 
(r,r,) = r,r. + 

(rid.) = d^r. — Jjt,it, 

{d^r,^ = d^r. — Jn^ii, 

{d^ d,) = dj dj + z/jj, }u 

Wir nchmen nun an, dass zufallige Kreuzungen in Tinserer Popula- 
tion stattfinden. Bci cincr bestimmten cinzigen Ercuzung kann cin 
Garnet, z. B. J?i J?, tingcbrochen vererbt ^Ycrden. Daruntor versteben 
wir, dass boido Gene von cincm der Eltern erhalten vrerdon. In 
solclien Fallen vird die Gametenfrequenz, [rjrn) imverandert aus- 
fallcn und (r^ r «) == rj r, + J i?,. Ebenso oft kommt es vor, dass 
Gamcten gcbrochcn werden, so dass cin Gen von jedem der Eltern 
erhalten wird. Die Gene treffen hierbei zufallsbedingt mit der Fre- 
quenz TiTn zusammen. 

Nacli eincr Eheuzung wird also die Frequenz fiir den Gameten 
R-iRn, bezeichnet mit (rirn)i aus folgender Formel erhalten: 

(^1 ^ 2)1 ^2 ~h g 77." 

Nach ciner bestimmten iVnzahl, n, Ivrcuzvmgen (?i-te Generation) 
■wird, wie leicht einzuschen ist, die Frequenz fiir den Gameten R^ R^ 
bezeichnet mit (rir 2 )„ dirrch folgendc Formel bestimmt: 

Werden nun die Formeln darauf ausgcdehnt, fiir alle die vier 
Gametensorten zu gel ten, so wird mit analogen Bezeichmmgen er- 
halten 
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(^1 ^2)n ^ ^ B. = ^ (r, r,) + 

(f\ ^z)n = ~ ^ ^i?, n,=~ (i\ d^) + 

K ^-2 )» = ^2 - ^ ^B. B. = ~ r, ) + 

(<^i <^2)n = <^2 + ^ ^B, Bj = ^ ((^1 4) + 


2'»-~l 


2”~1 ^ 
2 n ^1 ^2 

2»— 1 
2n ^i’‘2 

2 "—! 


22 


■d^d^. 


(73 a) 
{73 b) 
(73 c) 
(73 d) 


Die oben stebenden Formeln geben an die Hand, dass falls in eine 
Population fremde diby bride Vererbungsmomente eingemiscbt wi- 
den, man nicbt nur den immittelbaren Effekt erbalt, den die einge- 
miscbten Elemente direkt auf die Znsammensetzung der Bevolkening 
ausiiben. Es kommt ein sekundarer Effekt binzu, dessen Wirkungen 
sicb fiber Generationen erstrecken. Die Population "wird nacb und 
nacb gegen die Grenzlage [(firg) -s-rjrg, (fids) ->rid 2 s. w.] 
verandert, wenn die Gameten in zufallsbedingten Kombinationenund 
mit zufallsbedingten erwarteten Erequenzen vorkommen. 

Diese Entwicklung gebt ziemlicb scbnell vor sicb, wenigstens wenn 
es sicb um Vererbungsverbaltnisse eines weniger komplizierten Typus 
bandelt. Icb verweise auf folgende Tabelle 19. 

Bei polybybrider Vererbung verbleibt also eine Population hetero- 
gen, eine Zeit lang aucb bei Panmixie. Nacb einer Einmiscbung 
fremder Vererbungselemente entwickelt sie sicb nur albnaUich in 
Hicbtung einer vollstandigen Homogenitat, also gegen die Gleich- 
gewicbtslage, in welcber die Gene nicbt nur zufallsbedingt innerhalb 
der Population, sondern aucb in zufallsbedingten Eombinationen aui- 
treten. 

Wie soil man nun eine Verscbiebung der oben bescbriebenen Art 
nacbweisen konnen? Eine Moglicbkeit bestebt darin, die Population 
in Gruppen mit verscbiedener Abstammung aufzuteilen und diese 
Gruppen miteinander zu vergleicben. Man trennt die Personen lu 
der Bevolkerung, die von Eingewanderten abstammen, von den bac 
kommen der in einem bestimmten Gebiet Einbeimischen. lu der 
letzteren Gruppe unterscbeidet man Teilgruppen, in welchen d« 
Einmiscbung in nabebegenden Generationen gescbeben ist und d 



TABELLE 10. 

Die Proportioncn in ■vcrschicdcncm Grade gebrochcncr Gamelcn in vcracliicdcnen Gcncrntioncn nach 

ctncr Ausganggpopulation. 
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gruppen, in welchen sie vor langer Zeit stattgefunden hat. Durch 
die Untersucliiing der Trequenz von Eigenschaften innerhalb dieser 
Gruppen, die auf diese Weise erhalten warden, kann man Ankalts- 
punkte fiir die Beurteilung der Situation erhalten. Dieser Weg ist 
selbstverstandlich. sehr muhsam. Eine einfachere Moglichkeit ist die, 
die Korrelationsverhaltnisse zwischen verschiedenen Erbeigenscliaf- 
ten zu untersuchen. 
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Commen mm m emcr Population verschiedene Rassen vor so 
muss dies bedeufcen, dass Gruppen von Isolaten eine vom Standpiinkt 
der Vererbimg abweicbendc Bescbaffenbeit auJweisen. Pies brinfft 
cs mit sicb, dass eine Korrelation vorliegt. Untersuobt man z B 
die Bevbikerimg in Amerika, so wird man eine Korrelation zwischen 
der Hautfaxbe, gekrauseltem Haar u, s, tv. linden, was darauf be- 
rulit, dass in der Population Gruppen von Isolaten, bestebend aus 
Ncgern bzw. Wcissen vorbanden sind. Findet man in einer Popula- 
tion bingegen, dass keine Korrelation zwiscben den pbysiscben Eigen- 
scliaften, denen aus Gesicbtspunlcten der Rasse Bedeutung zuge- 
scliricben wcrdcn, vorliegen, so bedeutet dies, dass auf Gnmd der 
Anfbeb\mg der Isolate, die Population bomogen geworden ist, so 
dass es selbstverstandlicb dann nicht mebr bereebtigt ist, von Ras- 
scnuntcrscbiedcn innerbalb des Volkes zu spreeben, 

Auf Grund dessen, dass eine Auflicbung von Isolaten stattfindet, 
ist es zu erwarten, dass die Rassennnterscbiede innerbalb eines Volkes 
geringer wcrdcn. Es ist zweifelsobne so, dass in zablreicben euro- 
piiiscben Liindcm eine Einwanderung vorgekommen ist, welcbe die 
Bildting von Isolaten, oft von sozialen Isolaten in Form einer Ober- 
klnssc von Eroberern, bewirlct hat; auf Grund der Aufhebung der 
Isolate baben die Untersebiede, die innerbalb des Volkes entstanden 


sind, abgenommen und sind dann verscbwunden. 

Werden zwei Bevolkerungen miteinander vermiscbfc, so muss es 
eine Idlrzorc oder liingere Zeit dauem, bevor die Gleicbgewicbts- 
lage, die man bei Panmixie zu erwarten bat, erreiebt Tvird. Anck bei 
freier Kreuzung dauert es mebiere Generationen, ebe niebt nur fiir 
polybybride Eigonsebaften sondem aucb fur Kombinationen von 
monobybriden Eigensebaften eine Gleicbgewicbtslage erreiebt w . 

Wablen Tvir ein sebematisebes Beispiel. (Vgl. Waslvnd 1 •) 

Eine bestimmte „reine Rasse“ A soil Trager von zwei mono y 
briden erblicben Eigensebaften I und II sein, welcbe me 
Gene und Ao bedingt Tverden. Eine zweite „reine Rasse a J- 
sitzt diese beiden Eigensebaften niebt oder, wie man le 
ausdxucken kann, ist Trager von Eigensebaften Mcbt-I nn i 
mit der Erbanlage Uj imd ao. Wiiiden nun diese bei en 
miteinander innerbalb eines Gebietes vorkommen, im w^auenz 
Rasse A in der Frequenz P, die Rasse a 
p, {P + p — 1), so werden folgende Beziebnngen erba ten, 
die in dem Gehiet vorbandene Population gelten; 
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(A,}^F (A^A,}^P 

{a^) =p (A^ao) =0 

{As) = P {uiA.) =0 

(02) =P (fliaz) =P 

(Aj), {A«) und (A1A2) bezeidmen die Anlagefrequenzen, bzw. die 
Frequenz der Anlagekombination, die nur bei der Basse A vorkommt 
und in der Population mit ihxer Frequenz P reprasentiert mrd. Die 
Frequenzen (oj), (a,) und (a^ Oj) bezieben sick auf die Basse a und 
baben also die Frequenz p. Die Kombinationen (Aia^) und (aiA^) 
sind in der Population nicbt reprasentiert. 

Soli nun eine XJntersucbung fiber die Korrelation zuiscben den 
Eigenscbaften I tmd II angestellt werden, so wird der Korrelations- 
koeffizient 22 wie folgt erbalten: 

p (4 4) -(A) -(A) .,-, 

In der ersten Kreuzungsgeneration, Fj-Generation, werden fol- 
gende Zygoten erbalten: 

(A1A1A2A2) mit der Frequenz P^ 

<Jer Frequenz 2 Pp 
(OiOiajOa) mit der Frequenz p^ 

Diese Zygoten veranlassen Anlagekombinationen, deren Fre- 
quenzen mit (AiAz)!, (AiaoJi, (a^As)! und ((^1^2)1 bezeicbnet wer- 
den. Man erbalt leicbt: 

(A,A,),^P^ + lpp 

{01^2)1 = ^^? 

(flj a,)j = p°- + ^Pp 

Eine XJntersucbung der Korrelation zwiscben den Eigenscbaften 
I und II ergibt mm 

p __ (-^1 -‘^2)1 " (•^i) ‘ (-^2) ^ 
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..™ -res? ■" * *-1- 

Vertodem wir nun unseie uisprongliche Annahme urn Eemassii 
tert. Wir bezeictoen mit A und u zwei vom Standpunkt der Vel 
erbung aus versohiedenartige Populationen. Auf Grand det Hatero 
gemtat ara Hinblick auf die Verarbung wdrde dann in der l^: 
generation erne Korrelation zwischen den Eigenscliaften I und II 
entstehen, wobei der Korrelationskoeffizient R kleiner als 1 ist. 

_ Es kann leiebt gezeigt werden, dass in diesem Falle der Korre'la- 
tionskoeffizient, bezeiebnet mit R^ nacb einer Kreuzung (Fi-Genera- 
tion) nm die Halfte seines urspriinglicben Wertes abnimmt. Wir 
baben also; 


Setzt die Eassenmiscbnng fort, so wird in der w-ten Generation eine 
jjRestkorrelation“ von 

= ( 74 ) 

erbalten. 

Der Meebanismus fiir die Korrelationsverandenmgen ist analog 
mit dem fur den Entwicklungsgang bei polybybriden Eigenscliaften. 
Auf Gnmd dessen kann man beim Studium der Korrelation zwischen 
erblicben Eigensebaften feststellen, inwieweit die Bevolkerung vom 
Standpunkt der Vererbung aus als bomogen anzuseben ist oder in- 
wieweit sie durcb altere Einmisebungen beterogen und sick auf dem 
Wege der Entwicklimg zu einer Gleicbgewicbtslage befindet, in wel- 
cber die Anlagen zufallsbedingt tmd in zufallsbedingten Kombina- 
tionen vorkommen. 

Es ist also deutlicb, dass falls man in einer Bevolkerung keinerlei 
Korrelation zwiseben den Eigensebaften findet, man die Bevolkerung 
als in Hinsiebt auf die Vererbung bomogen bezeiebnen muss. Es 
bestebt dann kein Anlass fiber versebiedene Bassenelemente in der 
Bevolkerung zu spreeben. Handelt es sicb um eine praktisebe Unter 
suebung, ist es indessen klar, dass man bierbei niebt die Korrelatiraen 
zwiseben beliebigen Eigensebaften anwenden kann. Es ist klar, ass 
man z. B. niebt die Korrelation zwiseben Beinlange und Kbrper angc 
anwenden kann, da die Beinlange in der Kdrperlange entbalten is . 
Man kann aucb niebt die Korrelation zwiseben Beinlange un ^ 
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eme hohere Fiequem hshen mtar dm Kaclkommcn vo,. Vor 
wandfachaffaehen Baheren Grades als mter Individaca, die vo» 
molt verwandten Mmduen abstammen. Demit in Verbindunc 
s ebt schbesshch die Eischeinung, dass, wenn man Material be* 
zuglicli seltea vorkommender Eigensckaftstrager einsammelt, man 
diese bei zufalliger Auswakl vor allem aus klemen Isolaten holt, 
in welcken ^ von Mutationen bedingte Eigenschaften besondcrs 
grosse Aussicbt baben sicb geltend zu machen, weswegen man 
aucb aus diesem Grunde tbeoretiseh betrachtet eine Korrelation 
Bwiscben soleben Eigenschaften emarten diirfte. Em das letztere 
zu verdeutlichen, nehmen wir an, dass erne Mutation mit der 


Erequenz 10® auftritt. In einem grossen Isolat, einer Millionen- 
stadt z. B., ist die Aussicht, dass die Anlage in doppelter Dosis 
zusammenkommen ^vird, verhaltnismassig gering. Wenn cine Mu- 
tation dagegen in einem der Heinen Isolate, das einige hundcrt 
Individuen umfasst, eintrifft, so sind, vne wir schon betont haben, 
die Aussichten, dass die Mutation so nach und nach manifcstc 
Eigenschaftstrager nach sich ziehen wird, veeit grosser, Aus diesem 
Grunde hat man also eine Korrelation zwischen Eigenschaftstragern 
dieses Tj^es zu erwarten. 


Isolat und Rassenunterschiede. 

Weiter oben wurde bereits hervorgehoben, dass man, um sich 
Tiber Rassenunterschiede eingehender orientieren zu konnen, den 
Genotypus der verschiedenen Individuen in den beiden Isolatgnippcn 
kermen muss, die man miteinander vergleichen will. Wir hahen feraer 
die Methoden angedeutet, die hei einer Analyse der Verschiedenheiten 
zwischen den Isolaten zur Anwendung kommen konnen. Fiir die 
Anwendimg dieser Eormeln sind aber Aufklanmgen erfordcrlich, die 
gegenwartig nux schwer erhalten werden konnen. Es ist unter a cn 
Umstanden erwiinscht, ein Mass fiir die Grosse c\i;. Untersc iiei c 
zwischen den Isolatgruppen zu erhalten. Im grossen un ganzen 
hat man sich bisher auf dem Gehiete der Anthropologie damit De- 
gniigt, mit Hilfe von statistischen Methoden das Vorhandensem \on 
Unterschieden feststelien zu wollen. Es bedeutet einen _ 

dass man beziiglich Rassenunterschiede versucht, die su )jc . , 
urteilimg zu verlassen und sichergestellte Unterschiedc zu cue 
Man muss aber einen Schritt weitergehen und versuc icn, c 
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steiitmg iiber die Grosse der XJnterschiede auf eiae solche Art zu er- 
langen, dass man Vergleiclie zwisclien mehreren Gruppen anstellen 
nnd so die Unterschiede in Beziehung zu der transgredienten Varia- 
tion setzen kann, die zwiscken den Gruppen vorliegt. Die Metkoden, 
die Mer angegeben werden, konnen selbstverstandlick auch ange- 
wandt werden, wenn es sick darum kandeit, ein Mass fiir die XJnter- 
sckiede zwiscken anderen Materialgruppen und Eigensckaften als 
Eassenuntersckieden und Eassengruppen zu erkalten. (Vgl. Dahl- 
BEEG 1941 ). 

Eine Mbglickkeit bestekt darin, die Eassenuntersckiede mit Hilfe 
der Erequenz zu messen, mit welcker eine sickere Diagnose im Einzel- 
falle gestellt werden kann. Im Prinzip ist die Art des Vorgekens 
folgende. Man untersuckt zuerst die beiden Populationen, die ver- 
glicken werden sollen, so dass man eine Vorstellung iiber die Erequenz 
der versckiedenen Eigensckaften und ikre Variabilitat erkalt. Her- 
nack untersuckt man, in welckem Ansmasse mit Hilfe einzelner 
Eigensckaften oder Kombinationen von Eigensckaften die Personen 
in die einzelnen Populationen, zu denen sie gekoren, eingereikt wer- 
den kdimen, Man stellt sick mit anderen Worten vor, dass man die 
Individuen auf einem Marktplatz miteinander vermisckt. Dann 
gekt man z. B. von der Kdrperlange aus, Man kann dann bestimmte 
Individuen auf Grund dieser Eigensckaft keraussortieren. Einige 
weisen eine allzu geringe Kbrperlange auf, um der einen Gruppe ange- 
koren zu konnen, oder sie sind zu lang, um der zweiten Gruppe anzu- 
gekoren. Hernack untersuckt man den Kopfindex auf dieselbe Weise 
u. s. w. Sckliesslick imtersucht man die Kombinationen von Eigen- 
schaften. Eine bestimmte Person kann auf Gnmd ikrer Kdrperlange 
oder ikres Kopfindexes zu beiden Gruppen gezaklt werden, die 
Kombinationen aber, die sie aufweist, ko mm t aber vielleickt nur in 
der einen Gmppe vor. Handelt es sick nm qualitative Eigensckaften 
wie die Augenfarbe, so kann man keine empiriscke Sortierung nack 
diesen Linien ausfukxen, wenn es sick nur um Erequenzuntersckiede 
zwiscken den Gruppen kandeit; man kann aber mit HiHe dieser Dnter- 
sckiede berecknen, welckes Ergebnis man auf Grund der Untersckiede 
erkalten wurde. 

Will man zwei Populationen {P' und P") im Hinblick auf eine 
quantitativ messbare Eigensckaft A {A' und A"), die eine normale 
Verteilung kat, vergleicken, so kann man den Wert fiir jede Person 
in Akweickungen von den zusammengescklagenen Mittelwerten 
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beider Populationen ausdriicken imd die Abweickung in det Staa- 
darddeviation fur die beiden Populationen angeben, zu wclcben die 
entsprecbenden Personen geboren. Den Mittelwert fiir die zusam- 
mengescblagene Population bezeicbnen w wie folgt; 

MU + MU 

2 


In der Population P' wild fiir die Eigenscbaft A' in einer Seric 
von n Individuen folgender Mittelwert erbalten; 

. MU + MU 

1 

M' 




MU-MU 


OA 


2(74 


Die Standaxddeviation (die gleicb 1 gesetzt wird) ist dann 


a'^ = E 




Fiir die Population F' erbalten wir folgenden Mttelmrt: 


A 


„ MU + MU 


M" 


n 


OA 


Ma-M'a 


Die Standaxddeviation wird mSlwerte, so verdcn 

Hate, die Fopulatio.ea “ psitivcs b... 

seftstTeistSDdliol die beidea m den 

Populationen folgende Mittelwerte. 

Z, M'i-M'( (75a) 




m: 


^ M;-M'i 


(75 b) 
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Sind die Standarddeviationeii fur beide Eigcnscliaftcn 1, so erliiilt 
man bei dcr Kombination von N Eigcnscliaftcn die Standarddevia- 
tion insoweit Iccinc Korrclation zwiseben den Eigcnscliaftcn 

vorliegt. 

Steben die Eigcnscliaftcn bingcgcu in ciner Korrclation, so erbiilt 
man cine grbssere Dispersion. 1st die durcbscbnittlicbe Korrclation 
zwiseben den Eigcnscliaftcn in dcr Population P' und P" r' und r", 
so erbiilt man folgcnde Standarddeviationeii; 

a'- = N + N{N — })r', {76 a) 

o"= = N + N (iY — 1) r". (76 b) 


Bci dcr Kombination von Eigcnscliaftcn beriiclcsicbtigt man 
selbstvcrstiindlicb niebt, dass die Eigensebaften in entgegengesetzter 
Riebtung voncinandcr abwoicben konnen. Man smnmicrt sic obnc 
Riicksiebt auf das Vorzcicbcn und liisst die erstc Eigensebaft das 
Vorzeicbon bestimmen. 

Aus den Fomicln ergibt sicb, dass falls zwiseben den Popiilationcn 
klcinc Untcrscbicdc vorlicgcn, man durcb Untcrsucbiing ausrcicbend 
viclcr Eigcnscliaftcn und untcr Bcmitzung dcr Kombinationen 
zwiseben dicsen scblicsslicb cine sicbcrc Diagnose in jedem Einzclfall 
errcicbcn kann. Einc Yoraussetzung bierfiir ist aber, dass kcinc 
Korrclation vorliegt. 1st die Korrclation stark, so gewinnt man mir 
wenig durcb die Untcr.sucbung ciner wcitcrcn Eigensebaft. Ist die 
Korrclation scbwacb, so gewinnt man anfaiiglicb cine Erbobuiig der 
Diagnoscmoglicbkcitcn, nacbdcin man aber cine massige Anzabl von 
Eigcnscliaftcn benutzt hat, wird dor Gewinn uiibedeutend. Nimmt 
man cine bestimmte durcbscbnittlicbe Versebiebung dcs Mittclwertes 
fiir jede ncuc Eigensebaft an, so kann man die kleinste Anzabl von 
Eigcnscliaftcn bercebnen, die iintersucbt werden muss, daniit die 
beiden Ycrteilungskun'cn, untcr dcr Yoraussetzung, dass die Yaria- 
tionsbreite niit 6(T angenommen wird, vollig voncinandcr getrennt 
werden. Bczcicbnct man die durcbscbnittlicbe Yersebiebung fiir 
jede Eigensebaft mit a und die jVnz.abl der Eigensebaften mit N, 
sowic die durcbscbnittlicbe Korrclation zwiseben dicsen mit r, so 
kann man die kleinste Anzabl von Eigensebaften bercebnen, die 
crforderlicb ist, und zwar aus folgcndcr Formcl: 


= — 9r 


(77) 
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AJiJi. 22. KlfitiPto AujJiIil Kif;fiiKi’lmftrn, «lir> ('rfoniorliVIi I'sl, um joiics Indi. 
viduum voiipinmidor ku xintprvplioidi'n Ix-i voRscliiVdonoii (Jraden <iurclisclinitt- 
Iklipr Komdntion (r) und ihiri-li"clsnittlirlirr Diffpn'ttT. T-wiscliPU den Miltcl- 
verten (n). Vpl. Foniiel 77. 


8clia{ten benutzt. Man fitidcJ, dass n\tcli lud eincr achr .scliwadion 
Korrclation (ier GNnvitin, doii man durrh die linveitening dor Untcr- 
aurlmng niit cinor weitoren Eigonschaft erliidt, vcrliiiltni.'^miis.sig 
kli'in ist. wenn man .sich eincr Zald von etwa 10 EigenKclialton n'alicrt. 

Mit Ililfc dor angegchenon ^Icthodc Icann man also cine Vorstel- 
iung dariihor orlialten. wic gro.s.s der KaKsonvmtcr.8cliicd i.‘5t. Man 
crliiilt cinon Wort, fur die Erequen?., mil der man cine .sichcrc Eas.scn- 
<liagnoKo stcllcn knnn; hierbei knim man cinen Vcrglcicli ?,\vi.sckcn 

10 — 43205. a. DaUlbtTfj. 
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r “ 0.30 
r = 0.25 
r*=0.20 
r“0.l5 
r = 0.lO 
r “ 0.05 


10 


12 


14 N 


Abb. 23. Dor Quotient — boi vcrschiedcncn Grnclon dcr Korrclntion und vcr- 
scbicdcnor AnrJibl boobncbtctor Eigcnscbnftcn. 


•wurdc, ivurdc vom Vcrf. (Daulbeug 1911) angegcbcii und wurde 
zur Bcstimmung von Rasscnuntcrscliicdcn ztsdschen Schweden und 
Lappliindem nngcwandt. Die bcidcn Gruppen iveisen selir grosse 
Untcrschiedc auf und cs zeigt sicb, dass bci Anvrcndung von drei 
Eigcnscbaftcn, niimlich Korpcrliingc, Kopfindcx und morpliologiscber 
Gcisicbtsindcx, cine sichcrc Diagnose auf Lnppliindcr in 57% ge- 
stellt ivcrden kann. Nimmt man die beste Aufteilung des Materials 
vor, so erliiilt man 93 % Lappliinder und 7 % Seliweden. Der Rassen- 
index ist rait anderen Worten 0.8G. 

Bercits WEiNnERG (1909) und Philiptsciienko (1924) baben die 
Frage der Einmisebung in eine Population bebandelt und gozeigt, 
dass fiir polybybridc Eigensebaften erst nacb mebreren Generationen 
cine zufallsbedingte Vertcilung der Anlagcn erreiebt wird. Der Iso- 
latbegriff tvurde fiir menscblicbc Populntionon von Wahlund (1928) 
aufgestellt, der bletboden fiir die Bereebnung dcr Abweiebungen ange- 
geben bat, tvelcbe die Isolatgrcnzen von der Panmixie vcrursacben 
sowic ausserdem generellc Formeln fiir die Bedeutung der Isolat- 





Mutation, Sclcklion und Isolat. 


Wcnn in oinom Is^olnt cine Mutntion ontstclit, knnn sic nicht in 
(lor ersten Generntion Anluss cincr Sclcktion werden (insoweit- sic 
niclit einfncli dominant ist). Sic kiinn nber dnrch oinen Znfnl! ver- 
schwinden, sic kann alter ntieh dnrch cinen Znfall in die niiclistc 
Generation heriihcrkominen. Im letr.tercn Fall ist sic inimcr noch 
sclektionsfrci nnd ehenso vorhiilt es sich nuoh in der folgcndcn Gene- 
ration. da Iteim ^lenschen koine Geschwisterehen vorkommen. Aticli 
in der dritten Generation ist sic praktisch genommen .sclektionsfrci, 
da lihen zwisehen Geschwistern der FUern nnd Kindcni von Ge- 
Fchwistern beim Menseben cine nnsserordentlich niedrige Frequenz 
haben. lir.st in der vierton Generation naeh einer Yetternebo kann 
sic Gegenstand einer Sclcktion werden. Die Anlagen kbnncn dann 
in bomozygoter Form znsnmmcntreffen. Inde.«sen nniss erwiibnt 
werden, dnss die MvJtation mbgUeberweise a\je.b bei einer Yettcrn- 
cbe. in dor funften Generation niebt Gegenstand einer Sclcktion 
zu sein brauebt, falls die. Yettcrn nnd Basen, die in der vierton Gene- 
ration Ileterozygoten sind, das.selite Ge.sebleebt besitzen. Sind zwei 
lleterozygoten vorbanden, ist ja die Y'abrsebeinlicbkcit bierfur 1, 
nnd sind drei Hetcrozygoten vorbanden, ist die Wnbrscbcinlicbkeit 
I- Die.s alle.s bedentet, dasa iiintationen nnfiinglieb frei von Sclcktion 
bleiben. Kr.st naebdein die Ilcterozygotie cin gcwi.sscs Ansma.ss 
erreiebt bat, treten iMgenscbaft.striiger anf, die Gegen.st.and einer 
Sclcktion werden, 

Ist die Sclcktion absolnt, so dnss jeder Eigenscbaft.striigcr damn 
gebindert vird sieb fortznpflanzcn, wird cine Gleicbgewicbtslagc bei 
einer hlciiistcn Ilclcrozygotaifrcqucnz cintroten, dcren Lagc dnreb 
die Mutation.sfrcqnenz bc.stimmt wird. Kebmen wir cine Popnlation 
an, in wclcber die Anlngc niebt. vorbanden ist. so wird bei einer be- 
stimmten Jfntationsfrcqnenz nnd nbsolnter Sclcktion die Helcrozy- 
gotenfreqncnz langsnm bis zn cincr Gleicbgcwicbt singe znnobmen. 
Febnicn wir an, dass die Mntationen nnflidren naebdem die.se Lagc 
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erreicht ist, so wird die Heterozygotenfrequenz langsam abnelimen 
und sich asymptotiscli 0 nahem, obwoU dies selbstverstandiicli aus- 
serst langsam voxsicbgebt. 

Die Lage der kleinsten Heterozygotengrenze berubt nun nicht nur 
auf der Mutationsfrequenz, sondern aucb auf der Intensitat der 
Selektion, sowie auf den Prozessen und Besonderbeiten innerialb 
der Population, namlicb der Isolatgrosse, der Gattenwabl und den 
Verwandtscbaffcseben. Scbiiesslicb ist selbstverstandlicb die Ideinste 
Heterozygotengrenze verscbieden bei verscbiedenen Vererbungs- 
mecbanismen. 

Nehmen wir an, dass die Gleicbgewicbtslage bei einer Frequenz 
der Eigenscbaftstrager von 1: N vorbanden ist. Ist die Eigenscbaft 
monoht/brid-rezessiv und bat die Anlage die Frequenz r, so ist 


r- = 


I 

N' 


Deswegen ist r = 


1 

1 ^* 


Die Frequenz der Heterozygoten, 2rdist 


dann: 




(18) 


Ist N eine grosse Zabl, so wird der Ausdruck approximativ. 


2rd = 


2 

Vn 


Bei folyhyiriie.r BezessivitiU, wena die verscUedeneE Ankgmte 
JrequeilEen >•„ r,...r„ habea, bestelit eine eieichgewichtslage bei 


1st = »‘a = ’*3 = 


..r„ = r, also jedes d^=^d so wird etbaltcn'. 


r2n 


N 


und r = 



Die Frequenz der Heterozygoten wird dann. 




1 


N 



(T9) 
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1st N zahlemnassig gross, n aber nicht, so wird 


1 — r2« — d2n 


2n 

2n 


Bei ‘polyhyhrider Dominanz, ■wenn. die dominante Anlage die Fre- 
quenzen do, dg d„ und die rezessive Anlage die Frequenzen 
’"i) ^ 2 j ^*3 ■ • ■ aufweisen, liegt die Gleichgewicbtslage bei: (d^ + 

+ 2 rj dj) • (do + 2 r odo) • • • (d^ + 2 

1st dj = do = dg = • • • d„, so wird erbalten: 



1 

2lhv 



(80 a) 


(80 b) 


Der Heterozytengebalt bei der kleinsten Heterozygotengrenze 
ist dann 


1 — (d= + 2rd)'' — r2" 



(81) 


Mit HUfe dieser Formeln kann man, falls man die Frequenz der 
Eigenscbaftstrager kennt, die Gegenstand einer Selektion sind, die 
Frequenz der Anlagen und die Frequenz der Heterozygoten fur die 
verscbiedenen Vererbungsmecbanismen berecbnen. 

Wir baben bereits fruber bervorgeboben, dass bei einer bestimmten 
Mutationsfrequenz und bei einer bestimmten Selektion aUmahbcb 
eine Gleicbgewicbtslage eintreten muss, in welcber die Anzabl von 
Personen, die durcb Selektion ausgerottet werden, der Anzabl Muta- 
tionen bei monobybrider Dominanz und doppelter Mutationsfre- 
quenz bei monobybrider Rezessivitat entspricbt. Nebmen wir an, 
dass aus irgend einem Anlass diese Gleicbgewicbtslage gestort ist. 
Wir nebmen an, dass die Anlage die Frequenz r bat. Die Mutations- 
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frequenz ist ii. Durcli Selektion werden h der Eigenschaftstriiger 
ausgerottet. In dieser Situation kommt es zu emer Verscliiebujig 
von Generation zu Generation. Der UnterscMed zwiscben zwei auf- 
einander folgenden Generation ist: 


^n+i~-rn^rn-~Jcrn + 2fi{l — T„)~r„ 

Nackdem sick der Prozess asjunptotiscli einer Gleichgewichtslage 
naliert, wird er eine unendlich lange Zeit weitergeken. Man kann 
dann die Zeit, die eine Generation reprasentiert als unendlicli klein 
ansehen, so dass die Verschiebung zwiscben zwei Generationen als 
die Derivate im Hinblick auf die Zeit fiir eine Funktion angeseken 
werden kann, die den Verlauf des Prozesses ausdriickt, Es ist also 


dr 


dn 
.dn = 


— — Jbr2 + 2/i(l — r) 
dr 




Durck Integration erkalten wir 


n 


■II 


dr 




^ ’■’+ k k 


• .n = 


2Y2ix1c+/x^ 


log 


r~r2 Tp—ri 

r — r’l r'o—r'z 


wobei r'x = 


, y 2 


k 


To 


V2 -f 


, k 


( 82 ) 


und t'q die Anlagefrequenz ist, die in der Ausgangsgeneration 
kanden ist, die Anlagefrequenz in der Gleickgewicktslage \m 
ein Wert zwiscken diesen beiden ist, fiir den man die Zeit berec ne ^ 
will. Man muss sick daran eri^em, dass die Gleickung nwkt ange^ 
wandt werden kann, wenn nahe an dem Wert von ^ bcgt.^ 
haben angenommen, dass die Zeit, welcke eine Generation rcpra 
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tiert, im Vcrliiiltnis zu der Zeit setr kleiu. ist, die vergelit, bis eine 
Gleichgewichtslage erreicbt wird; fiir sebr kleine Verscbiebungen von 
der Gleicbgewicbtslage ist dies nicht der Fall. Man ist dann nicbt 
berecbtigt, die diskontinuierlicbe Funktion als kontinuierlicb anzu- 
sehen. Im iibrigen ergibt sick aus dor Gleicbung: ist Tq von ver- 
scbieden, aber r'l — r, d. b. der gesucbte Wert gleicb der Frequenz 
in der Gleicbgewicbtslage zwiscben Selektion und Mutation, so wird 
7 ! = CO . Dies bedeutct, dass die Gleicbgewicbtslage erst nacb einer 
imendlicb langen Zeit erreicbt wird. Es ist dann von Interesse, die 
Zeit zu berecbnen, die vcrgebt, bevor die Gleiebgewicbtslage zur 
Halfte erreicbt wird, d. b. bis die Frequenz erreicbt wird, die der 
IMittelwert des Ausgangswertes und der Frequenz beim Gleicbgewicbt 
ist. Nebmen wir an, dass ro = cr^ und also 


Wir erbalten dann 


n — 


= + 1) ist. 


b;(c + i)-/. , , 

, f cri — ri 

1 .,,. , ,, 


2V2ftk + fr- - U\{o + l) — r\ 


2 Y2 fik + /r- 


log 


r'l (c + 1) — 2 ro 

c r'l — rn 


(83) 


Ist h = l, d. b. liegt eine totale Selektion vor, und ist )^2 1, so 

wird 


r\ = V2 a und Y ~ — 1'^ 




.11 


2 V 2 


^ log|^ 

^ 1 c 




ist /: 4 = 1 und 



1 wird 




~ und r'o 


l/¥ 


n = 




logj 


3 -}- c 

+ C 


(84 a) 


(84 b) 
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fc aife dieser Ausdriicke komen Tvir die Anzakl von Generationen 
berecknen, die fiir eme VerscMebung von einer bestimmten Requenz 
der Eigenscbaftstrager bis zu einer anderen Erequenz notwendig ist. 
Wir baben bereits frUher kervorgeboben, dass auf Gnmd der Isolat- 
aufkebung die Erequenz sekr seltener monokybrider Eigensckaften 
m einer Eeike von westeuropaiscken Liindem auf die Halfte derPre- 
quenz abgenommen bat, die vor etwa 50 Jakren vorkanden war. 
Es dauert aber eine unendlick lange Zeit, eke erneut eine Gleickge- 
wichtslage erreickt wird. Es kann aber von Interesse sein, die Zeif 
zu berecknen, die vergekt, um den Abstand zwiscken der jetzigen 
Erequenz und der Gleichgewicktslage zu kalbieren. Isfc die ursprung- 

licke Frequenz r" ~ 2 (r und die jetzige Frequenz — , soliegtderhalbe 

Absfeand bei; 




*^^(^+ 1/2 


h) 


Wir bendtigen f emer einen Wert fiir die Mutationsfrequenz. Hai,dane 
bat approximative und selbstverstandlick ausserst unsickere Berecb- 
nungen ausgefiikrt, die eine Mutationsfrequenz von 1: 10® eigeben. 
Nehmen wir an, dass eine totale Selektion vorliegt, so finden wir mit 
Hilfe von Formel 84: a, dass nack 123 Generationen der Untexsokied zur 
Halfte ausgeglicken wurde, was, falls man mit 25 Jakren pro Genera- 
tion recknet, 3000 Jakren entsprecken wiirde. Die Beiechnung gibt 
eine Vorstellung daruber, wie langsam die Mutationsfrequenz eine 
Abweickung von der Gleichgewicktslage ausgleickt. 

Haldane (1939 und 1940) kat eine abnlicke Berecknungmkdem 
Ausgangspunkt ausgefiihrt, dass in einer Population eine bestii^te 
Frequenz an Venvandtsokaftsehen vorliegt, die grosser ist, alsdiebei 
Panmixie zu erwartende, und dass die Gleichgewicktslage, die in dieser 
Situation vorliegt, dadurck verandert wird, dass sick die Frequenz an 
Verwandtsckaftseken verandert. Die Berechnungen, die Haldank 
ausgefiikrt kat, ergeben Werte von der gleicken Grossenordnung. 

Wir kaben waiter oben die Mutationsfrequenz und die Sele ion 
Tin ter der Armabme besprocken, dass die Prozesse in sekr 
Populationen und wakrend einer langen Zeit vorsickgeken. In ^ 
lickkeit sind ja die Grossen der Populationen begrenzt, und sie sm 
ausserdem in Isolate von massiger Grossenordnung aufgete t. 
Frequenz an Anlagen, die durck Mutationen in den Isolaten entste j 
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ist iu Wirkliclikeit in lioliem Grade zufallsbedingt. Entstekt ciu 
Hctcrozygot. auf Grand ciner Mutation, so ist die Walirsckeinlicli- 
Iccit, dass die Anlage vcrsclnvindcn und in dor niiclisten Generation 
niclit repriisentiert werden soil, ein Vicrtel, wenn im Durclisclinitt 
zwei Kinder pro Ehc geboren werden und das gescblecbtsrcife Alter 
erreicben. Die betreffenden Heterozygoten konnen ausserdeni aus 
irgend einem Anlass steril sein oder keine Elie sebliessen. (Eine 
niedrige ausserebelicbc Eruebtbarkeit m\iss aber in Bereebnung gc- 
zogen werden.) In Wirkliclikeit bestebt fiir die Anlage beim tjber- 
gnng in jede ncue Generation die Gefabr zufallsbedingt zu versebwin- 
den, sic kann aber aucb zufallsbedingt cine Erequenzerbobung cr- 
fabren. In kleincn Populationcn ist aucb die Moglicbkeit vorbanden, 
dass die Frequenz dor .tVnlagc in einem solcben Ausmasse zunimmt, 
dass man fiir die Anlage cine Ilomozygotic bekommt, was bcdcutct, 
dass das allele Gen zufallsbedingt versebwindet. Prozesse dicser Art 
diirftcn fiir Ticrc und Pflanzcn cine wiebtige Rolle spielcn. Der 
erste, dcr auf diese Jloglicbkeit bingcwicscn bat, ist Hagedoork 
(1921). Spiitcr baben Sewall Wright (1921, 1930, 1931, 1932, 1934 
und 1935) und R. A. Fisher (1928, 1930 und 1931) das Problem aus 
vcrscbicdcnen Gesiebtspunkten matbematiseb analysicrt. Dob- 
ziiANSKY (1937) bat auf Grand empiriseber Untersuebungen das Pro- 
blem bc.sprocbcn und die Literatur auf dicsem Gebicte referiert. 

Fiir den Jlcnscbcn diirftc man kaum Anlass baben, damit zu 
reebnen, dass die Mutationcu zufallsbedingt innerbalb dcr Isolate 
in zivilisicrlcn Populationcn wiibrend bistoriseber Zeit zunobmen 
werden, .so dass cine Iloraozygotie entstebt. liingegcn spielt sicber 
die cntgcgengcsctztc Moglicbkeit, niimlicb dass Mutationen zufalls- 
bedingt vcrsclnvindcn, cine grossc Rolle, weswegen man damit zu 
reebnen bat, dass bestimmte Anlagcn in bestimmten Isolaten vollig 
fcblcn und in anderen cine gr6.sscrc oder klcincrc Frequenz baben, 
d. b. dass die Situation entstebt, die Verfasscr friiber fiir Anlagen 
zu bcstiinmtcn scltcncn Dcfckten angenommen bat. Es diirftc in- 
dessen kaum Intercssc besitzen, in dicsem Zusammenbange die 
matbematiseben Untersuebungen zu rcferiercu, die fiber dieses Pro- 
blem ausgcfiibrt warden. Dcr bicrfiir Intcressiertc sei auf die zitierte 
Literatur und vor allcm auf die Arbeit von Dobzhansky vcrwicscn. 



Isolat und Verwandtscliaftsehe. 


Als die Wirkung von Verwandtscliaftselien berecimet wurde, 
wurde darauf keine Bucksickt genommen, dass die Bevolkerung in 
Isolate aufgeteilt ist. Die Isolatgrenzen bedeuten aber, dass eine 
Anlage nicbt belieblg selten sein iann. Damit eine Anlage in einem 
Isolat liberhaupt existieren kann, ist wenigstens ein Hetero^got 
pro Generation erforderlicb und dafiir, dass ein Eigenscbaftstrager 
in einem Isolat entsteben konnen soli, sind wenigstens 2 Heterozj- 
goten pro Generation erforderlicb. Eerner bat man damit zu rect- 
nen, dass die Frequenz an Verwandtscbaftseben von der Isolat- 
grosse abbangig ist. In Ideinen Isolaten kommen Verwandtschafts- 
ebon in verbaltnismassig grossem Ausmasse vor. In grossen Iso- 
laten ist die Frequenz an Verwandtscbaftseben niedrig, was auf die 
grossere Moglicbkeit, sicb mit anderen als Verwandten zu verbeira; 
ten, zuiiickzufubren ist. Urn eine Vorstellung dariiber zu erhalten, 
was fiir eine Eolle die Verwandtscbaftseben in Populationen spie- 
len, die aus Isolaten aufgebaut sind, konnen wir friiber angewaudte 
Formein benutzen, Der Anteil an Eigenscbaftstragern k, der von 
Eltem abstanamt, die Vetter und Base sind, ist nacb Formel 45; 

^ 16r 

Bei Panmixie ist ferner nacb Formel 60 die Frequenz der Vettern- 
eben c, wenn die durcbscbnittlicbe Kinderanzabl b ist (Formel 60). 

2&(6 — 1 ) 

C ' — “T ■ 

n — 1 

Damit ein Eigenschaftstrager entsteben kann, sind wenigstens 
zwei Heterozygoten in einem Isolat erforderlicb. In dieser Situation 
ist die Anlagefrequenz wenn die Anzabl der Individuen im Iso at 
n ist: 

1 

r ~- 
n 
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Werden diese Werte in die Formeln eingesetzt, so ergibt sich: 

8(ft — 1) ^ ■ 

1st , 6 = 2, was bedeutet, dass die Bevolkerimg konstant ist, er- 
halt die Formel folgendes Ausseben: 

« + 15 


k 


und wenn n — 1 : n = 1 ist: 

k 


4(n— 1) 


Nebmen wir an, dass in jedem Isolat, in welcbem die Eigenscbafts- 
trager entsteben, im Durcbscbnitt 4 Heterozygoten vorbanden sind, 
so wird 


r 


2 

n 


Wird dieser Wert in die Formel eingesetzt, erbalt sie folgendes Aus- 
seben: 


, n + 30 


und k = 



( 86 ) 


TABELLE 22. 

Prozentiieller Anteil Eigenschaftstrager, die aus Velternehen herslammen bei 
zufallsbedingtem Vorkommen yon Velternehen in einem Isolat yon yariieren- 
der Grosse (n), frenn man anninunt, dass die Anzabl dcr Kin der 2 ist nnd 
dass es in jedem Isolate 2 b 2 r»v. 4 Heterozygoten gibt. Vgl. Formel 85. 


laolatgrosse 
= n 

2 Heterozygoten 
per Isolat 

4 Heterozygoten 
per Isolat 

10 

0.C945 

0.555G 

25 

0.4107 

0.2865 

60 

0.3316 

0.2041 

100 

0.2875 

0.1625 

250 

0.265O 

0.1400 

500 

0.2575 

0.1325 

1000 

0.2538 

0.1288 

5 000 

0.2508 

0.1258 

10 000 

0.2504 

0.1254 

CO 

0.2500 

0.1250 
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Abb 24 ProzentueUer Anteil Eigenschaftstrager, die ai^ 

be” ^.usbedtagten, '^"komn.en von Vee.e™h« ,n ™ « 

von variierender Grosse («), wenn man tten 

2 iat und dass es in jedem Isolate 2 bzw. 4 Hete yg S 


Auf Gnmd der beiden angegebenen Joimeto imden die ftMmt 
werte der Personen, die aus Vetrt bei -scteden. » 
grSsse stammea in Tabelle 22 und Abb. to 

sT"^’ Dir-Wert Mlt’Ih praW“l 

rb.“nn^ dLVaUse abninnnt, in * H- 

Uen/die weniger als lO® 
achtenswerte VerscluebTiDgeii. Is > 

42% aus Vettemeben und >“ ^ehesten Antes haben, 

lu WiiHicbkeit dnrfte man deswegen am ^dea 

Werte awisoben 16% und 80% su ewarten. 

Werten ubeiein, die man bei den TJnteisue ungOT 

net Eigenscbaften erhalt. EigensehaftsrtS^^^ 

mveniler amaTixotisclier Id . . ° . . -ino/ 

Vettemeben stammen, bei Eetotis „ien Werte 

scheinen mit andeien Worten dMsimD®'- 

eisten Fennel an erwarten war, was darauf hmdentet, 
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sache, Ob man in erater Lime an Verwandtscbaftseben denken will 
und unteraucbt, welcbe Bedentung die Vennindenmg an Verwandt 
scbaftseben in weiterem Sinne besitefe. Nacbdem man nur Angaben 
uber Verwandtscbaftseben naberen Grades (Vetterneben) erhalten 
kann, ist man gezwungen von alien scbwacberen Graden einer Ver- 
wandtscbaftsebe abzuseben. Wir baben bereits friiber bervorgeboben, 
dass prinzipiell geseben alle Eben Verwandtscbaftseben sind; denn 
eine Berecbnnng der Anzabl von Personen, die in friiberen Genera- 
tionen vorbanden sein miissen, wenn niemals zwiscben ibnen Ver- 
wandtscbaftseben vorgekommen waren, fiibrt scbnell zn astroao- 
miscben Werten, wabrend in Wirkliclikeit friibere Generationea 
sicker kleiner waren als die nun lebenden. 


Gebt man bingegen davon aus, dass Isolatgrenzen vorbanden wa- 
ren nnd aufgeboben worden sind, ferner dass Verwandtscbaftsehen 
in dem Ausmasse vorgekommen sind, wie sie zufallsbedingt im Hin- 
blick and die vorbandenen Isolatgrenzen zu erwarten waren, so halt 
man sicb an das, was faktiscb gescbeben ist. Man scbematisiert in- 
dessen die Situation dadurcb, dass man Isolate mit scbarfen Grenzen 
annimmt, und zwar auf dieselbe Weise, wie man die Situation sche- 
matisiert, wenn man izber scbarf abgegrenzte Generationen spricht, 
wbbrend in Wirkiicbkeit die Generationen unbemerkt ineinander 
iibergeben. Eine Scbematisierung dieser Art diirfte indessen in den 
meisten Fallen nicbt zu irrefuhrenden Ergebnissen fiibren. 

Ein Spezialfall, der tbeoretiscbes Interesse besitzt, ist ein sckri 
abgegrenztes Isolat (z. B. die Bevolkerung einer Insel), das auf Grund 
einer boben Nativitat an Grosse zunimmt. In einem solchen Isolat 
wurde man erwarten, dass die Frequenz an Vetterneben abnunmt, 
wabrend bingegen die Frequenz an Eben zwiscben entfernter Ver- 
wandten zunimmt. Dies balanciert so, dass die Anlagefreqneiiz 
und die Frequenz der Eigenscbaftstrager unverandeit bleibt. Be- 
traobtet man die Population als ein Isolat, so gelangt man obne wei- 
teres zu dem Ergebnis, dass die Frequenz der Eigenscbaftstrager kon- 
stant ist, wabrend man bingegen bei der Untersucbung der Frequ® 
der Vetterneben leicbt zu dem Scbluss verleitet wird, dass die 
Frequenz an Eigenscbaftstragern abgenommen bat, nnd zwar des- 
wegen, weil man scbwachere Grade an Verwandtscbaftseben mcbt 
beriicksicbtigt bat. Wie Haluahe bervorgeboben bat, konnen beide 
Betracbtungsweisen in verscbiedenen Situationen spezielle ortei e 
bedeuten. Es kann deswegen angebracbt sein, bei der Losung von 
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machen, weisen verschiedene Arten von Defekten auf, von denen 
jeder fur sicli selir selten vorkommt. Dasselbe gilt wahrsckeinlick 
aucli fiir Idiotie und Verkriippelung, soweit es sick Her um erblicke 
Eigensckaften kandelt. Eiit Taubstummheit ist die Situation noch 
kanin aufgeklaxt, es ist aber moglick, dass diese Gruppe einbeitbcber 
ist. Durch ein Verbot der Vetternebe diirfte man also einen deut- 
licben Effekt auf die Summe der Defekte erbalten. Diese Wirkung 
wild nacb einer Generation erreicbt und dann gewinnt man nicbts 
mebr duxcb weitere Massnabmen, Erlaubt man emeut Verwandt 
scbaftseben, kommt die erbobte Frequenz zuriick, Gegeniiber dem 
Gewinn, der erbalten werden kann, muss aber der Verlust abgewogen 
werden, den man evt, dadurcb erbalt, dass seltene Eigenscbaften 
vorteilbafter Art aucb eine verminderte Frequenz erbalten. In dem 
Masse wie eine spezielle Begabung durcb seltene monobybride re- 
zessive Anlagen bedingt wird, kann man eine Abnabme aucb der- 
selben erwarten. Es ist indessen nicbt wabrscbeinlicb, dass eine 
besondere Begabung auf diese einfacbe Art vererbt wird. (Es ist 
selbstverstandlicb aucb vorstellbar, dass bestimmte Defekte eine 
kompliziertere Vererbimg baben, obwobl die Mebrzabl einen einfachen 
Erbmecbanismus aufzuweisen scbeint.) Fiir Eigenscbaften mit poly- 
bybridem Charakter ist die Wirkung geringer als fiir monobybride 
Eigenscbaften. Unser Wissen dariiber, wie Eigenscbaften vererbt 
werden, ist gegenwartig mangelbaft, und ebe man definitiv vom 
Vererbungsstandpunkt aus zu diesen Fragen Stellung nimmt, diirften 
spezielle Untersucbungen erforderlicb sein. In diesem Zusanunen- 
bange wollten wir nur gewisse Gesicbtspunkte andeuten, die wicbtig 
sind. Der VoUstandigkeit balber soil vielleicbt aucb betont werden, 
dass soziale Gesicbtspunkte selbstverstandlicb aucb beacbtet werden 
miissen. Mari kann es nicbt direkt bewerten, was es fiir einzebie Per- 
sonen bedeutet, wenn deren Handlungsfreibet dadurcb eingescbrankt 
wird, dass man Vetterneben verbietet; diese Seite des Problems rst 
selbstverstandlicb nicbt gleicbgiiitig. 
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banim, die aue Vererbungsgesichtapuakten uatersciiedUol be- 

Men smd. Man tann auoh Her von Qattenmil sptecben die 
mit Hilfe von Isolatgrenzen voraiohgeit. Im Gegensatz m dem ans 
Personen mit Defekten kestekendeii Isolat werden ja diese Isolate 
mclit fiir jede Generation neu gebildet, sondern besitzen einen pet- 
manenteren Cbarakter. ^ 


Gattenwahl durct Isolate, die aus Personen mit Defek- 

ten bestehen. 


Wir nelunGn an, dass dnicb Gattenwabl in Isolaten, die aus Per- 
sonen mit Defekten besteben, die Freqnenz der Eigenscbaftstrager 
fiir eine monobybride rezessive Eigenscbaft nacb n Generationen 
t" -f ist. Fur die Heterozygoten ist dann die Freqnenz 2 rd — 24 
nnd fiir die dominanten Homozygoten ist die Freqnenz + 4 . 
Wir nebmen ferner an, dass ein Anteil der rezessiven EigenscLafts- 
trager in dem aus Personen mit Defekten bestebenden Isolat ent- 
balten ist und dass von den Heterozygoten und den domuianten 
Homoz 3 'goten ^2 diesem Isolat entbalten sind. Wir erbalten claim 
im Isolat die Zusammensetzung an Bben, die in Tabelle 23 angegeka 
wird, in welcber aucb die Bescbaffenbeit der Nacbkommen ange- 
fiihrt ist. 

Die Nacbkommen im Isolat werden Defekte in folgender Frequenz 
aufweisen wobei man Riicksicbt anf die Isolatgrosse im Vergleicli 
zu der Population nebmen muss. 


, fey ~f — ^a) 


(87) 


In den iibrigen Populationen wird der Cbarakter der Eben und der 
•Nacbkommen in Tabelle 24 angegeben. 

Die Nacbkommen werden also die rezessive Eigenscbaft mit fol- 
gender Frequenz aufweisen: 

o [(1 — y — (K — h) f88) 

Wir erbalten also fiir die ganze Population folgende Rekursionsformel: 

\kr4-ih--K)^ny , (89) 
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V.UU20X 


0.002502 



Abb. 25 und 26. Haxifigkeit von Eigenschaftstragem in Totalpopulationen 
bei Vorkommen von Gattenwahl in Defektisolaten bei variierenden Werten 
von Ajj imd nach verschiedenen Generationen: BBg, Blij, BR^, RB, und 
BR^. Die Rechenoperation -wiirde, praktisch genommen, bis zur Gleichge- 
•wichtslage durchgefuhrt. Vgl, Fonnel 89. 


die Personen mit Defekten eine besonders geringe Pnichtbarkeit 
baben, so bedeutet ja dies eine Selektion. Durcb diese nimmt die 
Prequenz der erblich bedingten Eigenscbaftstrager, die den Defekt 
baben, sowie aucb die Heterozjgotenfrequenz ab. Eine Selektion, 
die in Zusammenbang mit Gattenwabl durcb Isolatneubildung wbkt, 
bat im Prinzip denselben Effekt wie Selektion bei Panmixie. Wenn die 
Eigenscbaftstrager beginnen selten zu werden, werden sie praktisch 
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gcnoixmien immer von Eltcm nbstammcn, die Heterozygoten siud. 
Wir crreiclicn das Gleichgewiclit zwisclien Selektion und Mutations- 
frequcnz, und die Frcquenz der Heterozygoten in dieser Gleicbgc- 
■vvicbtslage wird unbcdeutend niedriger sein als in derselben Gleicb- 
gcwicbt-slage bci Panmixie. Gattemvabl bcscbleunigt etvas die Selek- 
tion auf dem Wege zu dieser Gleicligewicbtelage, bandelt es sicb aber 
nm seltene Eigenscbaften, so ist der Unterscbied umvesentlicb. 

Ein Prozess dieser Art, vie der bier angegebene, diirfte in gewissem 
Ausmasse nioglicberweise nicbt mir fiir Eigenscbaften cine Rollc 
spielen, die den Cbarakter cines Dcfclrtcs aufweiscn, sondem aucli 
fiir solcbc, die mit einer besonderen Einstcllung der Intercsscn zu- 
sammcnbangcn, in dcin Masse wic solcbe crblicb bcdingt sind. Man 
kann z. B. crwartcn, dass musikaliscbe Pcrsoncn auf Grand ibrer 
Intercsscn sicb in bcsondcrcm Ausmasse in bcstimmtcn Umgangs- 
krcisen und Organisationcu trcffcn wcrdcn. !\Ian durftc indcsscn 
aucb damit rcclmen miisscn, dass aucb in Stiidtcn, in wcicbcn mcbr 
Oder minder ausgcpragtc musikaliscbe Isolate vorbanden sind, gleicb- 
zcitig in gewissem Ausmasse aucb cine Gattcnwabl nusserbalb dieser 
Isolate zwiscbcu musikaliscbon Pcrsoncn vorkommt. Gcgcnwiirtig 
sind aber keinc Angabeu znganglicb, die ^Vnbaltspunktc fiir die Be- 
urteilung dcr Rollc von Inicrcsseisolaten und von durcb Intercsscn 
bedingter Gattcnwabl geben wiirden; cs ist ferncr kaum untersuebt, 
in wclcbem Masse spcziclle Intercsscn crblicb bcdingt sind. 


Gattcmvalil und sozialc Isolate. 

Es ist cine allgcmein vcrbrcitctc Vorstcllung, dass ein Unterscbied 
in der crblicbcn Bcscbaffcnbcit zwisclien vcrscbiedcncn Gcsellscbafts- 
klassen vorbanden ist. Die oberc Sebiebt soil cine Auswabl bestiram- 
ter vorteilbaftcr Eigenscbaften darstcllcn. Im Hinblick auf dicse 
Vorstelhmg ist cs von Intcressc cinen Versueb anzustellcn, um zu 
ermittcln, wclcbc Wirkung die Gattcnwabl iiber die Isolatgrcnzcn 
Oder Selektion bei Bildung von Isolaten bcdingt. Es ist aucb bier 
cine Gescbmacksacbc, ob man den Nacbdnick auf die Selektion Icgen 
will Oder ob man den Prozess als cine Art Gattcnwabl von besondcrem 
Cbarakter anseben will. 

Wir geben von der Annabmc aus, dass urspriinglicb cine Panmixie 
vorgelcgcn bat und dass die Bevolkcrung in zwei Klasscn aufgctcilt 
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wurde, von welchen die eine als verlialtnismassig Hein anae^el)^ 
warden kann beide haben aber urapninglicb diesell AHagS! 

^011 zwiscben den Standen und nwiscben den beiden Isolaten statt- 
^cfnnden bat, so dass Personen mit einer bestimmten monobybridea 
i^igenscbaft aus dem grosseren Isolat eine gewisse Moglichkeit be- 
sitzen, dem bleineren Isolat anzugeboren. Wir seben dann von der 
Mdglicbkeit ab, dass Personen zufaUig in das Heinere Isolat gelangen 
und dass Personen, denen die betreffende Eigenscbaft feblt, zufalls- 
bedingt in das grbssere Isolat versetzt werden. Wir nebmen mit an- 
deren Worten an, dass diese beiden Verscbiebungen einander auf- 
bcben. Wiirde dies indessen nicbt der Fall sein, so spielt es keinerlei 
prinzipielle Rolle fiir die itlatur des Prozesses, den wir untersuchen 


wollen. Die tJberfubrung bestimmter Eigenscbaftstrager, die ange- 
nommen wurde, bedeutet, dass das Heinere Isolat anf Kosten des 
grosseren wacbst. 

Das eine Isolat ist also ausscbliesslicb einer negativen Selektion 
ausgesetzt und wird Eigenscbaftstrager eines bestimmten Typus be- 
raubt. (Dieses. Isolat entspricbt also der Unterklasse, welcbe Verluste 
an begabten Personen, die sicb beraufarbeiten, erleidet.) Wir konnen 
dann die friiberen Formeln fiir Selektion anwenden (Formel 29). 
Hat also die rezessive Eigenscbaft die Frequenz r und werden k 
der Eigenscbaftstrager aus einem Isolat weggenommen, so gilt bei 
monobybrider Rezessivitat; 




Betrifft die Selektion die dominante Eigenscbaft (Vgl. Formel 32), so 

wird die Anlagefrequenz und die Frequenz an Eigenscbaftenkontmuier- 

licb abnebmen. Insoweit die betreffende Eigenscbaft selten ist, bat 

man ja in der Praxis damit zu recbnen, dass die Eigenscbaft praktisch 
genommen immer in beterozygoter Form vorkommt und die Verse le 
bimg wird dann ziemlicb proportional mit der Starke der Auswa , 
die vorliegt, verlaufen. Wird z. B. xb der Eigenscbaftsftager pro 
Generation in das Heinere Isolat iiberfiibrt, so wird die Eigensc a 
praktiscb genommen in dem grossen Isolat in etwa 10 Genera ion 
ausgerottet sein. Dieser Fall besitzt aber kaum Interesse, da m 
sicb kaum vorstellen kann, dass die Eigensebaften, urn le es 
bier bandelt, auf diese Weise vererbt werden. Es muss sic 
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agenschaften iandein die auf tompUzierteie Att veieiU wden 
Es ,st deswegen mteresaanter die Wiikung der SeleWou aaj e» 
rezessree Eigeaschaft zu untersachcn, EigeMckaften. die komplizlert 
vererbt werden, z. B dihybride dominaate Eigensckaftea a. 8 . 
verJialten sich auf ahnliclie Weise wie monoliybride rezessive Eigen- 
schaften. ^ 

Wir nelunen ein Ideines Isolat B an, das aus einem andeten Isolat 
A einen Znscliiiss an rezessiven Eigenscbaftstragern erhalt, wobei 
5+4 = 1. Wir nebmen ferner an, dass die rezessive Anlage in B 
die Frequenz r hat und dass A die rezessive Anlage mit der Frequenz 
X und die Dominante mit der Frequenz y aufweist, Es ist also xiy 
= 1. Wir nehmen wie vorher an, dass h der Eigenschaftstrager in J? 
nach A iiberfuhrt Tverden. Die Zusammensetzung der Ehen and 
Nacbkommen in dem kleineren Isolat ergibt sicb aus Tabelle 26. 

Wenn man Riicksicbt nimmt auf die Veranderungen der relativeti 
Isolatgrosse erbalt man die folgende Kekursionsformel: 


X'n+l 


\AnX„ + BnhrlY 

I An-{-BM\ 


(90) 


wobei aus der oben angegebenen Formel 29 erbalten wbd und 

^n+l = + -^n 


sowie 




Die gesamte Frequenz der Eigenscbaftstrager in der gesamten 
Fopulrfon wird („) 

Jlit Hilfe der oben angegebenen Formeln wuiden die Werte m 
Tabelle 27, 28 imd 29 berecbnet. Wir baben uns damit be^ugt 
von einer Eigenscbaft auszugeben, die so selten ist, ^ 
Panmixie bei einer Person auf 1000 vorkommen wiirde imd ha en 
femer angenommen, dass das kleinere Isolat 6 % der op a ion 
maoht uBd das grossere also 96% molasst. VgL Abb. 27 uod 8^.^ 
Betracbten wir zuerst die UnterHasse, so fmden w, 
Verscbiebung bei scbwacber Selektion emen sebr germge ^ 
hat. 6eht 1% der Eigensobaftetrag® pro 
.Hasserdsolat uber. so ntomt deren Frequ^ m <3- 
0.1% aaf 0 . 0994 % in 10 GeneratJonen ab. Eechnet man 
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TABELLE 27. 

BcschniTcnhcit drr Untcrkinsse in nnfcinnndcrfolgcndcn Gcncrnlioncn, wcnn 
dicsc 95 % dcr Populalion nusninclit, die Eigcnsclinftstriigcr die Frcqncnz l%o 
}in1)cn iind die Sclektion zur OLcrklnssc die Frcqncnz 1 %(/: = O.Ol) Lis 100% 
{k — 1) lint, nneh dcr Formcl 29. Die nngcgcLcnen Znlilcn gciten nuch 
fiir parlicllc Sclektion von vnriicrender Stiirkc fiir cine rezessire, monoliybride 
Eigcnsclmft in dcr Bcviilkcmng. 


Gen. 

k — 0.01 

m 

!: = 0.10 

b=0.23 

k = O.OO 

b= 1 

0 

0.0010000 

O.OOIOOOO 

O.ooioooo 

0.0010000 

O.ooioooo 

0.0010000 

1 

O.OOOPOOt 

0.0009909 

0.0009930 

0.0009S47 

0.0009090 

0.0009390 

O 

O.OOOOP3S 

0.0009939 

0.0009878 

0.0009093 

0.0009100 

O.O00S840 


0.00009S2 

0.0009909 

0.0009.918 

0.0009002 

0.0009129 

0.0008329 

i 

0.0009070 

0.0009S70 

0.0009709 

0.0009110 

0.OOOS804 

0.000780B 

r. 

O.OO00970 

0.0009SI9 

0.0009700 

0.0009271 

0.0009012 

0.0007445 

0 

0.0009904 

0.0009S19 

0.0009012 

0.0009130 

O.O0OS30S 

0.0007055 

7 

0.000995S 

0.0009769 

0.00093S1 

0.0009002 

0.0003131 

0.0000005 

’ 8 

0.0009952 

0.0009709 

0.0009027 

O.OOOS971 

0.0007010 

0.0000302 

9 

O.OOOD9JO 

0.0009730 

0.0009170 

0.0003713 

0.0007095 

0.0000033 

10 

o.oooooto 

0.0009701 

0.0009114 

0.0009019 

0.00074S9 

0.0005700 

15 

0.0009910 

0.0009000 

0.OO09HO 

O.0O0S031 

0.0000572 

0.0001590 

o 

Cl 

0.0009SSO 

0.0009110 

O.OOOSS78 

0.0007003 

O.0005S12 

0.0003749 


TABELLE 28. 

BcsclinlTcnlicit dcr Oberkin.ssc in nufcinnndcrfolgcndcn Gcnrrntioncn, ivcnn 
die.se 5 % dcr Population nusninclit und die Eigcnscliaftstriigcr die Frcqncnz 
1 “/jQ linben, femer die Sclektion zur OLcrklnssc die Frcqncnz 1 % (/c = O.Ol) 
bis 100 % (k = 1) lint, nncli dcr Fomicl 90. 


Gon. 

z* 

k — 0.01 

k — 0.05 



k ~ 0.50 

/;= 1 

0 

0.001000 

0.00 1000 

O.ooiooo 

O.ooiooo 

O.OOlOO 

O.OOlOO 

1 

0.001011 

0.0010.59 

0,001110 

0.001300 

0,00105 

0.O0243 


0.001023 

O.ooiiio 

0.001214 

0.001019 

0.00242 

0.00128 


0.001035 

0.001181 

0.001373 

0.002020 

^KuuirrnH 

0.00040 


0.001010 

0.001214 

0.00150S 

0.002410 


0.00S72 


0.00105S 

0.001303 

0.001049 

0.002842 


0.01117 

0 

0.001070 

0.001374 

0.0017P3 

0.003288 

^KulSTi^l 

0.013C8 


O.OOIOSI 

0.001441 

0.001013 

0.003755 


0.01024 


0.001093 

0.001509 

0.002007 

0.001242 

O.oosos ■ 

0.01881 

9 

0.001105 

0.001570 


0.001740 

0.009S9 

0.02130 

10 

0.001117 

0.001049 

■mSS 

0.005207 

0.01112 

0.02389 

15 

0.001178 

0.002010 

0.003281 

0.008004 

0.01747 

0.03582 

20 

0.001241 

0.002417 

0.004238 

O.Ol loss 

0.023S4 

0.04030 
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TABELLE 29. 

c.=gctolt i,,, Md „eno die Eige.eei.aft,Wger d.t Fre^ 

TC„cheaeaer Sldrte etaer selektfvea V.r.dJeh™g T.„ oZitae" ee, 
tlasse TOO versnliiVilBn^,. , f . 'J*»iemasse zu Ober- 


Gen. 

??- 

II 

o 

b 

1: =■ 0.05 

* = O.lO 

1: = 0.25 

^ ~ 0,50 

i = l 

0 

1 

6 

10 

15 

20 

O.ooioooo 

O.ooioooo 

O.OOlOOOl 

0.0010002 

0.0010004 

0.0010007 

O.ooioooo 

O.ooioooo 

O.ooiooii 

0,0010043 

O.ooioooo 

0.00101Q7 

O.ooioooo 

0.0010002 

0.0010042 

0.0010166 

0.001031S 

0.0010613 

O.ooiooo 

0. 001001 
0.001025 
0.001092 
O.001190 
0.001310 

O.ooiooo 

0.001004 

0.001092 

0.001310 

0.001596 

0,001915 

O.ooiooo 

0.001016 

0.001309 

O.001915 

0.002578 

O.003218 


Generation 25 Jalire, so umfasst dieser Zeitraum 250 Jalire. Werdeu 
10 % auf die OberJdasse uberfiilirt, so nimmt die Frequenz der Eigen- 
scbaftstrager in derselben Zeit auf 0.09il4 % ab. Erst bei boberen 
Werten fiir die Selektion erhalt man eine deutlicbe Wirkung. IVird 
die Halfte der Eigenscbaftstrager iiberfiibrt, so wird nach 10 Gene- 
rationen die Frequenz in der Unterklasse 0.07489 %. Tbeoretiscb 
geseben Jcann es moglicberweise von Interesse sein festzustellenj dass 
falls alle Eigenscbaftstrager iiberfubrt werden, die Frequenz in 10 
Generationen auf etwas mebr als die Halfte, namlicb 0.05766% sinld. 

Betracbten wir die Oberklasse, so finden wir, dass bei scbwacher 
Selektion, wenn nur 1 % der Eigenscbaftstrager sicb beraufarbeitet, 
die Frequenz der Eigenscbaft in 10 Generationen auf 0.1117 % steigt. 
Betragt die Selektion 10%, bandelt es sicb urn eine deutlicieie 
Verscbiebimg. Nacb derselben Zeit betragt dann die Frequenz 
0.2417 %. Die Eigenscbaftstrager sind mit anderen Worten dann 
in der Oberklasse etwas mebr als doppelt so viele wie in der TJnter- 
klasse. Bei extrem boben Werten fiir die Selektion wird die Ver 
scbiebimg sebr kraftig. Hat sicb die Halfte der Eigenscbaftstrager 
beraufgearbeitet, so steigt die Frequenz auf 1.112%, baben sicb a e 
beraufgearbeitet, so erreicbt sie in 10 Generationen eine Frequenz 
von 2.389 %. Die Zabl illustriert, dass eine selektive StandeseleBion 
keine oder nur eine geringe Bedeutung fiir die Frequenz der Eigen- 
scbaftstrager in der Unterklasse besitzt, dessen ungeacbtet bann 
man sicb vorstellen, dass sie eine nicbt unwesentlicbe Wirkung an 
die Bescbaffenbeit der Oberklasse ausiibt. 
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C 7 , H<"'rhnffi'iilifit i!<’r in n(>ff>iiwu!frf()UTiu!rii Ci‘ii'’nin'o. 

jn’ti. \vriin I'.' <!''r I’oiKilntion mi'iiinrlit, ili" Ain 

l'n'<]iirtir. 1 '/m Ii'Akti titui Ain Hnlnliiiou mr ()l>nr!;l.'i>"'n din I'n-fiimnr n;, 
(t r O.tij) lii« 'i, (t I'.t;.) lint, nnnh Acr rfiniml C!'. IVm iii!t:nnnUnni.'il 
Znldnri jjnlin!! mtc-li fur fcvriinUn Hn!nl;tinn von vririinmiA'-r Str.rJ;n for riiin 
tl•rn■^ivn, iiiruiuliyliridn Ki;.*nn-,rlmfl in Anr Bnv>’>U;rniiiK. 



St'hlif.'-'.slirli iHt O'! von Intorv.'-'.'-c ?.ii vcrsurhcn, oino Vor?t<.>lIimp 
tlnvon ?.n rrhnlt<-n. tvns oinc sflcktivo Isolattinif'lvlhing vom Go- 
sic}its})nnkl >lor pnnr.cn 3’opnlnfion nus bcdcutct. Offon3)nr 
<lic Wirlcunp die Fcin. dn.-^s die. Fmjucnr. dcr ICipcnsclinftstrapcr, 
vorplichf’ii init I’anniixic, pkdrlir.citip r.nniimnt tvic die Jlolontr.v- 
poten ulmelimcn mid je !;liirl:cr die Selelcfion isl, cine dcslo grd.sscrc 
Bedentnnp nmwi jn der I’ror.e.is linben. Bci sclnvnclier Sclelclion 
tvird Jeeine nennen.swerle Vorsrliicbmig erli.'ilten. Wenn die seleklivo 
Zirkulnlion r.tvisrlien den .SUinden 1 % der Bigen.-^elmflstragor lie- 
frifft, po Hteipt. deren Freqnenr imierhnli) von 10 Generationen von 
0.1 "J, nuf 0.1(1002%. Uinfa.'JPt die Selektion die IliiUtc der Eigen- 
seliaf(p(raper, .••'o i.st die Vorsehielimip tudiedeutend, nlier doeli deiit- 
licli. Die Freqtienr. .steigt in 10 Generationen anf O.IOIO "o. Bei 
totaler Sclektion winl cine so Htnrke Wirknng erlinlten, dns.n die. 
Frefjnenr. der Eigen.‘;cliaf(.‘’(rager anf 0.1010 steigt, d. li. fast doppelt 
.po liorli i.H( tvie zu Bcginn de.s Proze.o.'^es. 
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k = 0.01 


k = 0.05 


A: = 0.10 


fc = 0.25 


k = 0.50 


ft = 0.75 


Abb. 29. Beschaffenheit der Unterklasse in. anfeinanderfolgenden Genera- 
tionen, wenn diese 95 % der Population ausmncht, die Eigenschaftstrager die 
Frequenz 1 % haben und die Selektion zur Oberklasse die Frequenz 1 % (ft = 
O.Ol) bis 75 % (ft = 0.75) hat, nach der Forniel 29. Die angegebenen Zahlen 
gelten auoh fur partielle Selektion von variierender Starke fur eine rezessive, 
monohybride Eigenschaft in der Bevolkerung. 


ist und geschieht. Die Verhaltnisse sind selbstverstandlicL. in ver- 
scbiedenen Landein sowie unter vetscliiedenen zeitlicben Pexio- 
den unterscliiedlich. Die Eigenschaften, die in diesem Zusammen- 
liange interessieren, sind ferner niclit von monotybridem rezessivem 
Charakter, sondern werden auf eine kompliziertere Ait vererbt. 
Man kann sicb vorstellen, dass die Selektion gegen solcbe Eigenscbaf- 
ten wie Intelligenz, kimstleriscke Begabung, moralische Qualifika- 
tionen, Ausseben u. s. vr. gericbtet ist. In welcbem Ausmasse und 
auf welche Weise Eigenschaften dieser Art erblicb bedingt sind, ist 
ja nock nickt untersuckt tvorden und es ist nock weniger bekannt, 
12 — 43205. O.Dahlberg. 
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in weloiem Ausmasse eine Zirkulation ZTOcien 
siohgeM md selektiven CharaMer teitzt. 
absiitlich vereinfaoM. Wir haben nns dam.t W 
nur im HinbUck au£ eine einfaohe monohybnde iezess» E g 
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zu analysieren und unter der Annahme, dass nur zwei Isolate vorhan- 
den sind, ferner haben wir wilUdirlich angenommen, dass das kleinere 
Isolat 5% der Bevolkerung umfasst. TJnsere Berechmingeii kaben 
also sekr wenig Beriilirung mit dem, was wirklich vorsichgelit, und 
man ist vielleiclit versuclit zu behaupten, dass diese Beruhrimg so ge- 
ring ist, dass die Werte nicbt einmal tbeoretiscbes Interesse besitzen. 

Mit den Bereclmungen •rnirde aber in erster Linie beabsicbtigt, 
die Aufmerksamkeit auf das Problem zu ricbten und eine Andeu- 
tung davon zu geben, nach welcben Linien es gelost werden kann. 
Erst wenn man sick allgemeiner fiir Eragen dieser Art zu interessiercn 
beginnt, ist es moglicb, dass wir allmaklick Ausgangspunkte erkalten 
werden, die einer rationellen Besprechung dieser Frage zugrunde- 
gelegt werden kbnnen; es stosst sclbstverstaudlick auf keine Sckwie- 
rigkeit, matkcmatisch Ausdriicke zu entwickeln, die fiir Eigenschaf- 
ten gelten, die auf eine kompbziertere Art vererbt werden, imd zu 
beriicksicktigen, dass es mekr als eine soziale Sckickt gibt. Formeln 
dieser Art konnen selbstverstandlich auch fiir Berechnungen iiber 
die Wirkung der Scloktion angewandt werden, die cine Bolle fiir die 
Beschaffenbeit der selektiven Isolate in dor untersten Sckickt einer 
Gesellsckaft spielen, wobei man erwarten kann, dass die Selektion 
auf Eigensckaften gericktet ist, die aus sozialen Gesicktspunlften 
als ungiinstig anzuseken sind und sick auf massige Intclligenz, kri- 
minelle Tendenzcn, mangclknfte Sclbstbekcrrsckung und aknlickes 
bezicken. 

In zweiter Linie wmrde mit dicsen Berecknungen mir beabsick- 
tigt zu zeigen, dass uns faktisck Unterlagen fiir eine rationelle Be- 
spreckung der Probleme feklen. In der standigen Diskussion iiber 
die soziale Organisation und bci der Aufstellung der Utopien, die 
eine grossere oder kleinere Rolle fiir das politiscke Handeln spielen, 
iiben Vorstellungen iiber crblick bedingte Untersckiede zwiscken 
den Gesellsckaftsklassen einen bcdeutcnden Einfluss aus. Fiir diese 
Bespreckung muss es ein Vorteil sein, dass man sick klar mackt, 
dass Ankaltspunkte fur bestimmtc Bekauptungen feklen und dass 
es deswegen von Bedeutung ist, die Diskussion auf andere Ausgangs- 
punkte als Annakmen iiber das Vorkandensein oder Feklen von 
ausgepragten erblicken Untcrsckieden zwiscken den versckiedencn 
Gesellsckaftsklassen aufbaut. Es kann fiir die Disloission auck einen 
Vorteil darstellen, eine Vorstellnng datiiber zn erkalten, wclcke Be- 
deutimg eine rationelle Selektion innerkalb einer Gesellsckaft spielen 
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konnte, die radikal auf eine andere Weise orgaaisiert -ware, als die, 
in der wir leben. 

Scbliesslicb kann es von Bedeutung sein, Berecbnvmgen vorzu- 
nebmen, bei denen man von der Annabme ausgebt, dass man cine 
ideale Eekrntiemng der Oberklasse imter dem Gesicbtspunkt der 
Vererbung erreicbt bat. Wir nebmen an, dass man eine indmduelle 
Priifung vornimmt, ebe die Individuen die Ausbildung erbaltcn, 
die immer mebr notwendig ist, um in die leitende Scbicbt einer Ge- 
seUschaft aufmsteigen. Wir nehmen feiner an, dass die Tests, die 
ansgefiihlt werden, soweit zuverliissig Bind, dass teme Personen, 
welchen die Eigenschaft feUt. die man an erlalten n-nnscM, m die 
Oberklasse auisteigen. SoUiessUch nebmen wir an, dass die Grosse 
der Oberklasse dem vorhandenen Bedaif an einer Icitenden Sebiclt 
angepasst wird nnd dass deswegen eine grossere Oder Hemere Grappe 
dieser speaieUen Eigensebaftstrager dem OberHassemsote aage 

boren wird. Dies bedeutet, dass in den Eormeln 87, 88 nnd 89 1, -0. 
kter solcben Umstanden siebt die Eormel Or die Znsammensetn „ 
der Unterklasse folgendermassen ans: 

Die Eormel fiir die Oberklasse nimmt iolgende Eorm an; 

{r — hrlY (93) 

’■6(n+l)= pZ-fc rT 


TABELLE 30 . 

Beacbaffenbei. der T.«IpoP.laU»^ 

Unterklasse eingeteUt ut imd ® Oberklasse 

Tt- nnd b. 


Oberklasse uni dnf 
in Tcrschiedcncr Frt> 

zugefiihrt weracn. 



0.000001000 

0.000001250 

0.000001312 

0.000001327 

0.000001331 

0.000001332 


0.000001000 

0.000001499 

0.000001748 

0.000001872 

0.000001934 

0.0000019G5 

0.000001981 

0.000001989 

0.000001993 

0.000001995 


0.0001000 

0.0001245 

0.0001305 

0.0001320 

0.0001323 

0.0001324 


0.0001000 

0.0001400 

0.0001730 

0.0001848 

0.0001907 

0.0001930 

0.0001951 

0.0001950 

0.0001959 

O.OOOIOGO 


0.01000 

0.01203 

0.01244 

0.01250 

0.01254 

0.01255 


0.01000 

0.01407 

0.01571 

0.01012 

0.01071 

0.01052 

0.01057 

0.01050 

O.oicoo 
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Gen. 

Abb. 31. Frequent von Eigen- 
schaftstragern in einer Population, 
wenn eine monohybride rezessive 
Eigensohaft die Frequenz 1 % hat 
und J der Eigensohaft strEger der 
Oberklasse zugefuhrt wird. Die 
Berechnungen sind ausgeflihrt aus- 
gehend von Fanmixie und auch 
unter der Annahme, dass in der 
Population auf Grund von totaler 
Gattemvahl keine Heterozygoten 
existieren. 


BR 
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Abb. 32. Frequenz von Eigenschafts- 
tragem in einer Population, wenn eine 
monohybride rezessive Eigensohaft die 
Frequenz 1 % hat imd 1 der Eigenschafts- 
trager der Oberklasse zugefuhrt wird. 
Die Bereohnungen sind ausgefiihrt aus- 
gehend von Panmixie und auch unter 
der Annahme, dass in der Population 
auf Grxind von totaler Gattenwahl keine 
Heterozygoten existieren. 


Fur die gauze Bevdlkerung bekommen tvir folgende Rekursions- 
formel: 


^fi+l — ~t~ 


jr — hyn)^ 
l~\rl 


( 94 ) 


Um den Grenztyert zu erreichen, kann man so zu Wege geken 
wie Mlier bei partieller Gattenwahl, d. h. man geht bei den Be- 
rechnungen teils von Panmixie, teils von einer Bevdlkerung aus, in 
der totale Gattenwahl stattgefunden hat, so dass die Heterozygoten 
verschwunden sind und sich nur die beiden Homozygotenarten 
vorfinden. Wir fiaden dann, dass falls die Auswahl eine sehr seltene 
monohybrid rezessive Eigensohaft betrifft, die z. B. die Frequenz 
O.Ol % hat, und falls ^ der Eigenschaftstrager dem Oberklassen- 
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isolat angelioreii wird, die Erequenz der genannten Eigensclmft iu 
der Bevolkerung etwas zunehmen und nacii 3 — i Generationen 
eine GleicEgewichtslage bei 0.013% erreicben wird. Bei eincr ctwas 
baufiger vorkommenden rezessiven Eigenscbaft, die die Prequcnz 
1 % bat, erreicbt man, wenn die Halite der Eigenscbaitetrager dcm 
Oberklassenisolat angeboren, nacb 7 — 8 Generationen eine Gleicb- 
gewicbtslage. Man erbalt eine Znnabme der Eigenscbaitstriigcr- 
frequenz in der Bevolkerung von 1% auf 1.7%. (Vgl. Tabelle 30 
und Abb. 31 und 32.) Die Berecbnungen baben im Augenblick ge- 
ringes praktiscbes Interesse, man kann aber die Mogbcbkeit nicht 
von der Hand weisen, dass sie in der Zukunft eine Bcdeutung bc- 
kommen konnen. 



Zusammenfassende Ubersicht. 


Man kann behaupten, dass die medizinische Erbliclikeitsforschung 
zwei Ziele besitzt. Das eine ist, iheoretisch zu ermittebi versucben, 
■wciche Kolle Vererbung und Slilieu spielen, und zu versteben ver- 
suclien, was psycbiscb und pbysiscb \msere Eigenschaften bedingt. 
Fiir die ErbliclLkcitsforschung existieren nur Vererbung und Milieu. 
Etwas Drittes gibt es nieht. Mit anderen Worten, es wird melir oder 
minder bewusst ein absoluter Dcterminismus vorausgesetzt. Das 
Ziel ist weder grosser nocli geringer als das Problem des Lebens inso- 
weit zu losen zu versucben, als ob wir nacb Erlangung erscbopfender 
Kcnntnisse iiber die Erbfaktoren und blilieuverbaltnisse, die ein 
Individuum bedingen, dieses derart »verstehen» wiirden, dass wir 
in der Lage waren, cs in seinen ursachbcben Zusammenbang ein- 
zureiben. 

Das zweite Ziel ist pralctiscJier Art. Es gilt zu erforscben, was 
Vererbung und Milieu fiir cinzelne Indmduen und Populationen 
bedeuten, imd vor allem mussen Voratissagen iiber die Besebaffen- 
beit der Individuen, die geboren werden, gemaebt warden. Es ban- 
dclt sicb dabei darum zu rmtersueben, unter Avelcben Umstiinden 
die Erbmasse eines Volkes konstant ist, und wie sie unter der Ein- 
wirkimg von speziellen Faktoren sicb in der einen oder der anderen 
Riebtung erwartungsgemiiss verandert. Handclt es sicb um ein- 
zclne Individuen, so liegen dieselben Aufgaben vor, namlicb Angaben 
zu versebaffen versucben, welcbe eine Voraussage uber die Besebaf- 
fenbeit des Nacbkommens crlauben, -welcber aus einer Verbindung 
zwiseben einzelnen Personen (iiber die man so vollstiindige Angaben 
als nur mogUcb besitzt) bervorgebt. Selbstverstiindlicb besitzt es 
von beiden Gesicbtspunlcten aus an und fiir sicb ein grosseres Inte- 
resse zu erforscben, welcbe Rollo Vererbungsmomente fiir gewobn- 
bebere Eigensebaften als fur seltenere spielen. Indessen muss aucb 
berucksiebtigt werden, dass seltcne Eigensebaften vom sozialen 
Gesiebtspunkt aus als besonders bedeutungsvoll ersebeinen konnen, 
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und zwar auf Grand ihres Charakters, Mi die Gesellschaffc be- 
deutet ein ludmdunm mit einer Erbbesckaffenlieit, welcbe eine 
extrem niedrige oder extrem hobe Effektivitat bedingt, mebr als 
ein Individuum mifc sog. nonnalen Eigensckaften. Deswegen sind 
Probleme iiber Anlagen, welche Defekte bzw. exzeptionelle Begabung 
bedingen, von besonderem Interesse. 

Will man Individuen bewerten, so muss man selbstverstandlich 
aucb zwiscben individuellen und sozialen Gesicbtspunkten unter- 
scheidon. Von dem eigenen Gesicbtspunkfc des Individuums aus 
betracbtet (sowie von dem von Personen, die ibm nabesteben) be- 
sitzt sein Lcben insoweit einen nnbegrenzten Wert, als es unersete- 
licb isfc, was ja nicbt Iiindert, dass einzelne Indi^nduen andere Binge 
hbber bewerten kbnnen als das Leben. Gewisse Zielsetzungen uud 
Vorstellungen dariiber, was gerecbfc oder gut ist, konnen ja dazu 
fubren, dass Individuen in gewissen Situationen wiUig sind, ihr Le- 
ben zu opfern. Hierbei Kegt ja eine gross© Variation vor, und zwar 
niclit nur von Individuum zu Individuum, sondern aucli zwiscben 
verscliiedenen Populationen rmd vor allem zwiscben verscbiedenen 
Zeitperioden. 

Will man Individuen vom sozialen Gesichtspunkt aus bewerten, 
so ist es am nacbsten liegend, eine okonomiscbe Betracbtungsweise 
anzuwenden. Ein Individuum besitzt dann keinen Wert, wenn die 
Kosten, welcbe seine Brziebung und sein Dasein bedingen, dem 
bkonomiscben Beitrag, welcben seine Arbeitsleistungen wabrend des 
Lebens ausmacben, exakt entsprecben. Das Individuum bat einen 
negativen Wert, wenn die genannten Unkosten das, was es leisten 
kann, uberscbreiten, und einen positiven Wert in dem entgegenge- 
setzten Fall, Man bat den Versncb gemacbt, von diesen Ausgangs- 
punkten aus okonomiscbe Berecbnungen auszufubren, und ^ese 
besitzen unzweifelbaft ein gewisses Interesse. Offensicbtlicb besitzen 
die zabienmassigen Werte ein grosseres Interesse, falls es sicb um 
Individuen mit Defekten bandelt, die einen negativen Wert besitzen, 
und zwar aucb dann, wenn in zivilisierten Landern nur vereiMe te 

Personen geneigfc sein diirften, Merbei konsequent einen rein dkono- 

miscben Gesicbtspunkt anzuiegen und andere Bewertungen ^ ® 
deutungslos anznseben. Handelt es sicb um Personen mit emer 
durcbscbnittHcben Bescbaffenbeit, so ist die Berecbnung u.a. 
der Scbwacbe bebaftefc, dass man auf Grund der variieren e 
beitslosigkeit gegenwaxtig nicbt entscbeiden kann, zu emer wi 
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fangreicheu Arbeitsleistiing einc Person, die wllig ist zu arbeiten, 
w'ahrend Hires Lebens in der Tat MoglicKkeit erbalt. Handelt es sich 
urn cxzeptionell begabtc Individuen, so ist das Problem schliesslicb 
nocb schwerer zu losen, da man keine Anbaltspunkte besitzt, um den 
Wert von deren Leistungen vom okonomiscben Gesichtspunkt aus 
zu bewerten. Dasselbe gilt selbstverstandlicb aucb beziiglicb Per- 
sonen mit einem durcliscbnittliclieren Intelligenzniveau, die in einem 
Land zufallswcise eine Icitende Stellung erlangt baben. 

Es ist desbalb offensicbtbcb, dass Begabungen einen sebr unter- 
scbiedbcben T3’pus aufweisen imd sebr unterscbiedlicb bewertet 
wcrden konnen. Einige sind z. B. der Ansicbt, dass die kunstleriscbe 
Begabimg am wicbtigsten ist, andere scbatzen das logiscbe Denken 
und Kombinationsvermogen und vriedcr andere ncbmen an, dass ein 
starker Wille, kombiniert mit ciner Riicksichtslosigkeit von boberem 
odor geringercm Grad, ivertvoUer ist als aUes andere. 

Innerbalb der menscbbcbcn ErbUcbkcitsforscbung wurde all- 
miibbcb eine grosse Anzabl von Detaibmtersucbungcn ausgefiibrt. 
Nacb dor Wiederontdeclamg dor Gesetzc von Mendel um die Jabr- 
bimdcrtwende berum bat man sicb darauf konzentriert zu bevreison, 
dass dieso Gesctzo aucb fur don Menscben Giiltigkeit besitzen. Es 
ist am Icicbtcston, dies bezuglicb seltenor Kranldiciten, welcbo bis 
zu einem gewissen Grade den Cbarakter von Kuriositatcn besitzen, 
zu zeigon. Deswcgen bat man sicb vor allem fur solcbc Eigenscbaften 
interessiert. Es war ferner selbstverstiindlich, dass man vcrsucbt 
bat, die o.xperimentclle Vererbungsforsclumg zu kopieren. Die 
Untersucbungon erbielten desbalb oft den Cbarakter einer Erfor- 
schung von Pamilien, in wclcben mebrerc Fiille mit einer seltenen 
Eigensebaft vorgekommen sind. Das Rcsultat -wurdc in Form von 
Stammbaumen aufgezeichnet. Ausgebend von den Vorvatern wurde 
fcstgestellt, dass unter den Nacldvommcn in einer oder mebreren 
Generationon Eigenscbaften in der Weise aufgetreten sind, wie man 
es nacb dem Gesetz von Mendel erwarten kann. Nebenbei sei be- 
merkt, dass die jMetbode, die man angewandt bat, feblerbaft war. 
Man ist niebt, wie innerbalb der e.xpcrimentellen Vererbungsforsebung, 
von ciner bestimmten KIreuzung ausgegangen und untersuebte, welcbe 
Besebaffenbeit die Nacbkommensebaft erbiilt. Man bat anstatt 
dessen die Ausgangspersonen ausgewablt, da man die Besebaffen- 
beit der Nacbkommensebaft kamite. Die Antwort auf die Frage, 
die man gestellt bat, war mit anderen Worten bis zu einem ge;vissen 
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Grad gegeben, und die Analogic mit den experimentellen Unter- 
suchimgen war tatsacblicb nur eine seheinbare. Bs ist deshalb nicht 
immer leicbt, das Material, welches eingesammelt wurde, zu bewer- 
ten. Es ist schwer nnd mitunter unmoglich zu entscheiden, welche 
KoIIe das Auswahlsmoment gespielt hat. 

Der Umstand, dass man beim Menschen keine Kreuzungsversuche 
ausfiihren kann, sondern sich damit begniigen muss, die Kreuzungen 
zu analysieren, die in menschlichen Populationen vorkommen, be- 
dingt es, dass wir in der menschlichen Erblichkeitsforschimg andere 
Methoden anwenden mussen als in der experimentellen. Die speziellen 
Verhaltnisse beim Menschen bringen es femer mit sich, dass andere 
Fragestellungen interessieren. Es ist erwiinscht, dass man bei der 
Planiemng von Detailuntersuchungen die Problems und Prage- 
stellnngen bis zu einem gewissen Grade beriicksichtigt, die in der 
vorliegenden Arbeit angedeutet wurden. Es ist mit anderen Worten 
ein wiinschenswertes Ziel, dass die menschliche Erbhohkeitsforschvmg 
nicht allzu sklavisch denselben Linien folgen soli wie die experi- 
mentelle Erblichkeitsforschung, wenn es auch notwendig ist und 
immer notwendig sein wird, dass zwischen den beiden Eorschungs- 
richtungen ein bestimmter Kontakt aufrecht erhalten wd. 

Es ist nun mdglich, die Probleme theoretisch und mathematisch 
herauszuarbeiten, welche vom Standprmkt der Populationen aus 
innerhalb der menschlichen Erblichkeitsforschung dem Interesse 
am niichsten liegen. Es zeigt sich dabei, dass gegenwartig empnisclie 
Anhaltspunkte fur die Losung einer ganzen Eeihe sehr bedeutungs- 
voiler Probleme feblen. Es feblen ims Angaben hbei das Vorkommen 
von Verwandtschaftsehen und Gattenwabl. Wir wissen sehr wenig 
iiber Isolatgrenzen und Umstellungen innerhalb von Populationen 
u. s. w. Bs diirfte aber nicht auf unuherwindliche Schwierigkeiten 
stossen, in diesen Punkten unser Wissen zu komplettieren, nachdem 
man zur Klarheit darubex gelangt ist, dass solche Angaben eine we- 
sentliche Bedeutimg haben. Auch wenn die mathematische Ana yse 
von Populationen vom Gesichtspunkt der Vererbung aus noo 
vielen Punkten mangelhaft ist und auch wenn die mpirischen Unter 
lagen fiir eine solche Analyse ausserst sparlich sind, kann es 
motiviert sein, bereits in diesem friihen Stadium zu versuc en, 
tibersicht iiber die Ergebnisse und Problemstehungen zu ge en, 
sich bisher ergebeu haben, und sie ausgehend von gewiss 
rischen Ausgangspunkten in Kiirze zu besprechen. 
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Der Ausgangspunkt fiir unsere Analyse ist gewesen, dass eine Person 
vom Standpunkt der Vererbung aus sects verschiedene Moglicli- 
keiten hat. Sie kann sick crstens znfallsbedingt verheiraten (und 
fortpflanzen). Wird auf diese Weise die Ehe geschlossen, so sagt man, 
dass eine Panmixie vorliegt. Die Person kann zweitens es sein lassen, 
sich zu verheiraten, oder sie pflanzt sich in geringerem Ausmasse als 
der Durchschnitt fort. Handelt eine Gmppe von Eigenschaftstragern 
auf diese Weise, so liegt cine Selektion vor. Drittens kann ein Eigen- 
schaftstriiger eine Verwandtschaftsehe eingehen. Kommen Ver- 
wandtschaftsehen in grossercm Ausmasse vor, als sie znfallsbedingt 
zu envarten sind, so spriclit man davon, dass cine Inzucht vorliegt. 
Vierlens kann eine Person cine grosscre Neigung dazu habeu, sich 
mit Eigenschaftstragern ciner bestimmten Art zu verheiraten als 
mit andercn. Die wichtigstc Mdglichkeit hierbei ist, dass Eigen- 
schaftstrager einer bestimmten Art cine grosserc Neigung haben 
sich mit einandcr zu verheiraten als cs der Zufall erfordert. Dies 
vird „assortativc mating” oder Gattcmvahl genannt. Eine Person, 
die sich verheiratet, hat fmjlcns koine Moglichkeit sich iiber die 
Grenzen ciner ganzen Population hinaus zu verheiraten. Hire Be- 
wegungsfreiheit wird durch bestimmte gcographische und soziale 
Verhaltnisse begrenzt. Sie verheiratet sich innerhalb einer bestimm- 
ten Region und einer bestimmten Klassc, und es besteht einegeringere 
Aussicht fur sie sich ausserhalb der Gcsellschaftsklasse und der Gren- 
zen der Region zu verheiraten. Dies bedcutet, dass in einer Popula- 
tion Isolatgrenzen vorhanden sind. SccJistcns liat man mit der Mog- 
liclikeit zu rechnen, dass eine Person, die sich verheiratet, Nach- 
kommen erhsilt, die auf Grund einer Mutation von dem abweichen, 
was man zu erwarten hat. Diese verschiedenen Moglichkeiten schlies- 
sen sclbstvcrstandlich einander nicht aus. Wiihlt eine Person eine 
andere zur Ehe, kann sie also zufallsbedingt wiihlen, iiberhaupt 
nicht wiihlen, eine verwandte Person wiihlen, innerhalb ernes bestimm- 
ten Isolates wahlen, einen Eigcnschaftstriiger einer bestimmten Art 
wiihlen, und schliesslich kann sich in die Wahl eine Mutation ein- 
mischen. Geschehnisse dieser letzteren Art konnen es bedingen, dass 
Abweichungen von dem entstehen, was man bei Panmbae zu erwarten 
hat, d. h. bedingen, dass kommende Gencrationen eine von friiheren 
abweichende Beschaffenheit annehmen. Liegt hingegen eine Panmixie 
vor, so ist die Erbbcschaffenhcit der Bevolkerung von Generation 
zu Generation konstant. 
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Es ist in erster Knie von Interesse festzustellen, dass dnrcli Se- 
lektion und Mutation die Erkmasse eine Verilnderung durchmachen 
kann, wakrend Hngegen Verwandtsckaftselie, Isolatwirlmng und 
Gattenwahl die Erbmasse nickt verandern, sondern nut be^gen, 
dass Gene in grosserem oder geringerem Ausmasse als bei Panmixie 
zu erwarten ist, zu Homozygotie zusammengefuhrt werden, Diese 
letzteren Prozesse bewirken keine Veranderung des Gengebaltes der 
Population und wenn eine Panmixie eintritt, nacbdem solcbe Pro- 
zesse eine Zeit lang stattgefunden baben, so erhalt man naob einer 
kiirzeren oder langeren Zeit erneut die Zusammensetzung der Popu- 
lation, die man vor Beginn der Prozesse batte. Wenn aucb tbeoretiscii 
geseben die Veranderungen, die Verwandtscbaftsebe, GattenwaW 
und die Isolatwirkung bedingen, reversibel sind, so bedeutet dies 
indessen nicbt, dass es in menscblicben Populationen immer moglich 
ist die Wirlcung solcber Prozesse aufzubeben und auf einen fruheren 
Zustand zurtickzugeben, 

Selelction und Mutationen andern also nicbt nur die Prequenz der 
Homozygoten und Heterozygoten in einer Population. Diese Pro- 
zesse beeinflussen aucb deu Gengebalt der Population, so dass, falls 
man sicb vorstellt, dass die Prozesse naob einer Zeit aufgeboben war- 
den und eine Panmixie wieder eintritt, man eine andere Zusammen- 
setzung der Population erbalten wiirde, als man sie im Ausgangs- 
augenblick batte. Es feblen uns exakte Angabeu dariiber, ia wel- 
cbet Frequenz Mutationen vorkommen, es bestebt aber am ebesteu 
Anlass anzunebmen, dass diese sebr selten sind, was bedeutet, dass 
die Veranderungen, die Mutationen moglicberweise bedingen kdnnen, 
sebr langsam vorsicbgeben und kaum feststellbar eine Population 
im Laufe weniger Generationen beeinflussen. Mutationen besitzen 
deswegen fiir die menscblicbe Erblicbkeitsforscbung weniger Inter 
esse. Anders dagegen, wenn man das Problem auf sebr lange Sicit 
betracbtet, z. B. wenn man sicb mit dem Evolutionsproblem an 
dem Gebiete der Zoologie und Botanik bescbaftigt. ^ _ 

Eine totale Selelction rottet augenblickbcb monobybride, domi- 
nante Eigenscbaftstrager aus. Bei partieller Selelction ist e 
scbwindigkeit, mit welcber der Prozess verlauft, von der tar 

Selelction abbangig. a i (rndo- 

Dasselbe gilt fiir konditionelle Eigenscbaften, , 

minant ist tmd eine totale Selektion vorliegt.^ Bei emem 
Exbgang pflegt man von einer Dominanz mit einer estimm 
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nifestationswahrscheinlicKkeit zu sprechen. Mancherorts Avird der 
Ausdruck Penetranz kierfur angewandt. Diese Bezeicknungen wer- 
den afcer mitunter nar angewandt, um auszudrucken, dass auf Grund 
unkekannter Falcfcoren eine bestimmte Anlagekombination nur bei 
einem Teil der Falle eine bestimmte Eigensckaft kervorruft. Die 
Ursacke konnen Milieufaktoren, aber auck bestimmte Erbanlagen 
sein, die nickt immer vorkommen, sondern nur mit einer bestimmten 
Frequenz. Auf Grund dieser Unklarkeit kann Anlass besteken diese 
Ausdriicke zu veimeiden. Sie geben keine klare Vorstellung dariiber, 
was die versckiedenen Autoren mit iknen bezeicknen und geben in 
vielen Fallen einen falscken Eindruck, namlick dass man weiss, 
woriiber man sprickt, wenn in Wirklickkeit nur Anlass bestekt ker- 
vorzukeben, dass bestimmte Bekauptungen nickt aufgestellt werden 
konnen. — Das kauptsacklicke Interesse ricktet sick auf monoky- 
bride, rezessive Eigensckaften oder auf solcke, die auf eine kompli- 
ziertere Art vererbt werden, da ja sckwere Defekte, die siek friik- 
zeitig geltend macken, nickt dominant vererbt werden konnen. Die 
Selektion kat ikre grosste Bedeutimg fiir rezessive Eigensckaften, 
wenn sie kaufig vorkommende Eigensckaften betrifft. Sie kann dann, 
auck wenn sie sckwack ist, in Icurzer Zeit wesentlicke Versckiebimgen 
bewirken. In dem Masse wie Selektionsprozesse in friikeren Genera- 
tionen vorgekommen sind, ist es wahrsckeinlich, dass die Selektion 
ikre kauptsacklicke Wirkimg ausgeiibt kat imd dass sie nickt langer 
wesentlickere Versckiebungen verursackt. Hingegen ist es selbst- 
verstandlick von Interesse zu ermitteln zu A^ersucken, ob Selektions- 
prozesse spateren Datums mbglicherweise beginnen, sick in mensck- 
licken Populationen geltend zu macken. 

Eine Selektion, die wakrend einer grossen Anzakl von Generatio- 
nen gewirlct kat, muss beudrkt kaben, dass die Eigensckaften, die 
sie betroffen kat, auf eine sekr niedrige Frequenz kerabgepresst 
AAwden. Tkeoretisck geseken kat man dann zu erwarten, dass die 
Frequenz der Eigensckaft sick der Gleickgewicktslage nakert, in 
der den Eigensckaftstragern, Avelcke durck die Selektion ausgerottet 
werden, neu kinzugekommene Mutationen entsprecken. Diese 
Grenze nennen wir kleinste Heterozygotengrenze, um zu betonen, 
dass in der Gleickgewicktslage eine verkaltnismassig koke Frequenz 
der Heterozygoten vorkanden ist, die zufallig zusammentreffen und 
Anlass zu vereinzelteu Eigensckaftstragern werden. Diese stammen 
praktisck genommen immer von normalen Eltern ab, die Heterozy- 
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goten siad. Diese Situation muss im HinbHck auf die soWen ver 
erbbaren Defekte vorHegen, die sick bei der Geburt oder vor dem 
gescblecktsreifen Alter geltend macken. Es ist mit anderen ‘Worteii 
nickt mogliok, durck besondere Massnakmen, wie z. B. Sterilisierung, 
die Erequenz von Eigensckaften wesentlick kerabzusetzen, die eine 
niedrige Erucktbarkeit bedingen. Ein Beispiei fiir eine Eigenscbaft 
die sick ungefakr in der Gleickgewicktslage befindet, da die Eigen- 
sckaftstrager aussert selten sind, wo abet eine verkaltnismassig grosse 
Anzakl von Heterozygoten fiir die Eigensckaft in der Population 
vorkanden ist, stellt die juvenile amaurotiscke Idiotie dar. In Scbwe- 
den werden jakrlick 4—5 solcke Eigensckaftstrager geboren, die le- 
gelmassig gegen das gescklecktsreife Alter kin sterben und sick nie- 
mals fortpflanzen — eine effektivere Selektion als Sterilisierung ~ 
und in Sckweden sind etwa 60 derartige Eigensckaftstrager vorkanden 
(Sjogben 1931). 

Es soil im iibrigen daran erinnert werden, dass eine Selektion, die 
rezessive Eigensckaften betrifft, auck wenn sie absoint ist, dock nur 
asymptotisck die Frequenz der Eigensckaft 0 naker bringt, was 
bedeutet, dass die Eigensckaft in endlicker Zeit nickt vollstandig 
ausgerottet werden kann. Um dies zu illustrieren, soli daran erinnert 
werden, dass bei monokybrider Rezessivitat jedem Eigenschafts- 
trager, der daran verkindert wird, sick fortzupflanzen, zwei Hetero- 
zygoten entsprecken, die, falls die Anlage sekr selten ist, den beiden 
keterozygoten Eltern entsprecken. Dies bedentet, dass falls die 
Bevolkerung pro Generation verdoppelt wird, die Anzakl der Heteio- 
zygoten in der Bevolkerung (nickt abet deren Erequenz) unveiandert 
bleibt. 

Handelt es sick um sckwere erblicke Defekte, muss daran erinnert 
werden, dass seit sekr fernen Zeiten solcke Eigensckaftstrager kauro 
die Mdglickkeit gekabt kaben, sick fortzupflanzen. Starben die 
Eltern, so waren sie auf eine praktisck genommen nickt vorkandene 
Wokltatigkeit angewiesen. Soziale Gesicktspunkte und ein kumaM 
Handeln sind in der mensckiicken Gesckickte erst sekr spat a g 
treten, und auck die jetzt lebenden Geuerationen sind nur in s 
geringem Ausmasse von derartigen Gesicktspunkten nennens 
beeinflusst. Die Hilfe, die auck in den zivilisiertesten ' 

fekten Individnen geleistet wird, besitzt keine solcke Grossenordnug, 

dass sie es diesen Individnen ermoglickt, sick frei o zup 
Friiker iebten sie am Rande der Not, nnd ihre Eortp anzun 
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sicher selir gering. Ausgehend von diesen Gesichtspunkten kann man 
erwarten, dass die Frequenz an erblichen Defelcten in den verschie- 
denen Landern keine grossen Unterscliiede aufweisen wird, und dass 
man auck in Bevolkerimgcnj die auf einem sehr primitiven Niveau 
leben, finden wird, dass die Defekte eine Frequenz von ungefabr 
derselben Grossenordnung aufweisen. Eventuelle Verscbiedenheiten 
in der Frequenz mussen ein Ausdruck fiir die verscbiedene Mutations- 
frequenz sein. Leider feblen uns zuverlassige Angaben, die eingehen- 
dere Vcrgleicbe ermoglicben, 

Wenn die Selektion obne grosserc Bedeutung fiir scltene, erbliche 
Defelcte ist, muss sie auch obne nennenswerte Bedeutimg sein, wemi 
sic seltene vorteilhafte Eigenschaften, wie hobe Begabung, betrifft. 
j\Ian kann moglicberweisc bcbauptcn, dass die Icatbobscbe Kircbe 
unter ^^elen Gencrationen an eincr Selektion mitgewirkt bat, die gegen 
hobe Begabung gcricbtct war. In alteren Zeiten batten begabte 
Personen, die nicbt dcr Obcrklassc angeborten, praktiscb genommen 
nur eine Mogbcbkcit, intellektuclle Arbeit zu erbaltcn, niimbcb die, 
Priestcr zu werdcn. Hierdurcb wurdc die Begabung Gegenstand einer 
Selektion, da cs auf Grund dcs Zolibates fiir Priester nicbt erlaubt 
war, I^inder zu baben. Trotzdem Uegt auf jeden Fallkcin deutbcber 
Unterscbicd zudscbcn dcr Frequenz an holier Begabung in den katbo- 
liscben Liindern im Vcrgleicb zu andcren vor. Wenn in einem Land 
die Herrsebenden wiilirend einer kiirzeren oder liingeren Zeit die 
selbststiindig Dcnkendcn, die cinen integrierenden Bestandteil an 
exzeptioncller Begabung darstellen, nicbt tolerieren, und deswegen 
versueben soicbe individuen auszurotten, so kann cs ein Trost sein 
zu uissen, dass dies freilieb das loilturclle Niveau des Landes gewiss 
beeinflussen, aber nicbt bewirken kann, dass die Eigensebaft ver- 
schivindct oder ihre Frequenz uberhaupt neunenswert veriindert. 

Wenn auf Grund von Verwandtsebaftsebe, Gattenwabl oder Iso- 
latuirlamgen die Homozygotic in einer BevoUcerung veriindert udrd, 
kann die Gleichgcuuchtslagc, die zwiseben den Mutationen und der 
Selelction vorliegt, aufgchoben werden. Diirch Isolataufliebimg kann 
z. B. die Homozygotic vermindert werden. Dies bewirlct, dass die 
kleinstc Heterozygotenfrequenz verschoben wird. Es liegt dann nicbt 
liinger ein Gleicbgcwicbt zwiseben den Mutationen und dcr Selek- 
tion vor. Es zeigt sicb, dass auch eine miissige Verschiebung der 
Gleichgeivicbtslage cs bedingt, dass es cine unendlicb lange Zeit 
dauert, ebe die Gleicbgewicbtslage erneut erreiebt wird, und man 
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kann bereclmen, dass es eWa Wert Generationen dauert. bevor 
em klemerer Untersckied zux Halfte ausgegbcben wird. Dasselbe 
gdt, wenn durck erne verminderte Anzabl von Verwandtscbaftseben 
die Gleickgewicbtslage verandert wird. Letale und subletale Gene 
sowie Gene, die scbwere angeborene Defekte und abnlicbes bedingen, 
werden in einer solcken Situation eine grossere Verbreitnng er- 
balten, und falls z. B. Verwandscbaftseben nack mekreien tausend 
Jakxen erneut eingefukit werden, so wiirde dies eine erkokte 
Frequenz solcker Eigensckaften bewirken, insofern sie rezessiv 
sind oder auf eine kompkziertere Art vererbt werden. IVT an konnte 
sick vorstellen, dass dies eine Gefakr darstellt. Man konnte geltend 
macken, dass Prozesse, die auf diese Weise die Gleickgewicktslage 
zwiscken Selektion und Mutationen storen, unvorteilkaft sind. An 
und fiir sick sind aber selbstverstandkck Anlagen gleickgiiltig, so 
lange sie latent sind, und deswegen bedeuten auf jeden Fall auf 
kiirzere Sickt Prozesse, die eine erkokte Heterozygotie bedingen, 
einen Vorteil. In welckem Ausmasse man der Ansickt sera soli, 
dass der augenbkckkcke Gewinn durck eine sekr fragkcke Ungelegen* 
keit in der Zukunft aufgekoben werden wird, ist letzten Endes eine 
subjektive Frage. 

Nekmen wir an, dass man durck eine verminderte Heterozygotie 
die Mogkckkeit erkalten konnte, dass wakrend einiger Generationen 
eine effektive Selektion zustande kommen konnte und dass spater 
automatisck eine erkohte Heterozygotie mit einer konstant niedri- 
geren Frequenz erblick bedingter Defekte auftreten wiirde, als es 
der Frequenz in der Gleickgewicktslage entsprickt, die friiker zwiscben 
Selektion und Mutationen vorkanden war. Die Antwort auf die 


Frage, inwieweit man diesen Weg besckreiten soli, ist natiirlicli davon 
abkangig, in welckem Ausmasse man der Ansickt ist, dass sick die 
jetzt lebenden Generationen fiir kommende opfem sollen. Die Per 
sonlickkeiten, die sick fiir Vererbungskygiene interessieren, geben 
nickt selten der Ansickt Ausdruck, dass man alles fiir konunende 
Gesckleckter opfern muss, wakrend man im allgemeinen sick nn so- 
zialen Handeln im grossen und ganzen in der Art des Handelns 
Gesicktspunkten, die sick auf sekr kurze Sickt bezieken, und von 
den Interessen der jetzt Lebenden bestimmen lasst. Es besten 
selbstverstandkck keine Mogkckkeit, objektiv die 
jetzt Lebenden gegeniiber denen kommender Generationen a 
wagen. Wiirde man davon ausgeken, dass den Interessen er 
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zelnen Personen dasselbe Gewdclit zuziimessen ist, und zwar unab- 
biingig von dem Zeitpimkt, in velchem sie leben, miissten die jetzt 
Lebendcn jederlei Last tragen, vrenn sie bierdurcb einen unbedeuten- 
den Vorteil fiir komnicndc Generationen gewinnen konnten. Setzt 
man voraus, dass die Mensclibeit wabrend ciner betrachtlicben Zeit 
weiter leben vdrd, muss ja die Summe des Gewinnes fiir die unzab- 
ligen kommendcn Generationen beUebig grosse Ungelegenbeiten einer 
Oder einiger friiberer Generationen aufwdegen. Stellt man sicb bin- 
gegen vor, dass eine Population kleincr werden ^drd und verscbwin- 
det. muss man biUigerweise, wcnn alle Indi^^duen als gleicbvertig 
angeseben werden, in bestimmten Fallen die Lasten auf die kleineren, 
zuldinftigen Generationen scliieben. In dcr Wirklicbkeit ist es selbst- 
vcrstiindUcb cine Gescbmacksacbe, wie ^del jetzt lebende Genera- 
tionen fiir kommende opfem sollen. Man kann in diesem Punkt 
koine objelctive Beurtcilimg moti%'ieren. Im allgemeinen diirfte die 
gewobnlicbc Einstellung die scin, dass je weiter man die Schwierig- 
kciten von sicb schieben kann, es desto besser ist, mid dies nicht am 
wenigsten aus dem Gesicbtspmikt, dass man boffen darf Moglicb- 
keiton zu finden, den Scbwiorigkeiten zu entgeben, die wix jetzt 
noch nicbt cinmal ahnen konnen. 

Im Hinblick auf die Frcqucnz, die eine Eigenscbaft auf Gnmd ciner 
bestimmten Tendenz zu j\Iutationcn crreiclien kann, muss daran er- 
innert werden, dass cine Anlage, die durcb Mutation entstanden 
ist, nicbt sclten zufallsbedingt versebMundet. Die WabrsebeinUeb- 
keit bicrfiir ist u. a. von der Familicngrosse abhiingig. Entstebt eine 
Anlage und ist bei ciner Person in beterozygoter Form vorbanden, 
so ist naturlicb die Gcfalir, dass die Anlage in der niicbsten Genera- 
tion nicbt reprasentiert werden wird, in ciner Bevolkerung grosser, 
in der die Fruebtbarkeit klein ist, als in einer, in dcr sie gross ist. 
In Wirklicbkeit bat man nicbt nur damit zu reebnen, dass Muta- 
tionen in grossem Ausmasse zufallsbcdmgt versebwinden, sondern 
aucb damit, dass sie zufallsbedingt an Zabl zunehmen. Es trifft 
selbstverstandbcb leiebter in kleinen Isolaten ein, dass eine Anlage 
eine boherc Frequenz erreiebt als in grossen Isolaten. Sind die Iso- 
late klein, so bat man damit zu reebnen, dass bestimmte Anlageu 
in ciner Reibc von Isolaten vollstandig feblcn und in andcren Isolaten 
zufallsbedingt eine grossere oder kleincrc Frequenz baben. 

Ebenso vde man maneberorts die Ncigung gebabt bat, die Bedeu- 
tung der Selelction zu iiberwerten (vor allem in Form der Sterili- 

13 — 43205. G. Dahlbcrg. 
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sierung) war man auch geneigt, Y emandtscUftsehen eine alku 
posse Wirkung znzusciireiben. Man muss sich indessen daran er- 
mnern, dass streng genommen aUe Eben Verwandtschaftsehen sind 
insoweit man eine einheitliclie Abstammung fiir das menschlicbe 
Gescblecbt annimmt (oder eine Abstammung von einer Meinen Gruppe 
von Individuen). Dies ergibt sicb u, a, daraus, dass wenn man die 
Anzalil der Vorvater fiir eine Person zeitlicb nacb riickwarts bereci- 
net und annimmt, dass diese nicbt mit einander verwandt waren, 
so erbalt man sebr scbnell astronomiscbe Zablen, die weit die Anzahl 
der Individuen uberschreiten, die auf der Erde gelebt baben. Mas 
kann deswegen eine bestimmte Bevolkerung mit einer bestimmten 
Frecjuenz an Verwandtscbaftsehen nicbt mit einer tbeoretiscb ange- 
nommenen Bevolkerung vergleicben, in welcber keinerlei Verwandt- 
scbaftseben vorkommen. Es ist angebracht, zum Ausgangspunkt 
fiir einen Vergleicb eine BevoUcerung mit Paumixie anzunebmen, 
in welcber Verwandtscbaftsehen zufallsbedingt vorkommen. Ist die 
BevoUcerung gross, so wird die Frequenz naberer Verwandsobaftsehen 
pralctiscb genommen null sein. 

Dass man Verwandtscbaftsehen uberwertet, diirfte teilweise mit 
dem Umstand zusammenbangen, dass man innerbalb der experi- 
mentellen Erblicbkeitsforschung durcb Generation nacb Generation 
wiederbolte Gescbwisterkreuzungen eine sebr kraftige Wirkung ei- 
balten bat. Die Heterozygoten verscbwinden praktiscb genommen 
nacb einer verbaltnismassig geriugen Anzabl von Generationen. 

Beim Menscben ist die Vetternebe die starkste Verwandtscbaftsek, 


mit der man in der Praxis zu recbnen bat. Diese bat nur eine geringe 
Wirkung auf eine gewobnbcbe Eigenscbaft. Ist eine Eigenschaft 
selten, so besitzt sie eine nicbt imwesentbcbe Bedentung, die Eigen 
scbafb spielt aber dann eine kleine BoUe in der BevoUcerung. Kommt 
eine rezessive Eigenscbaft bei 25% der Bevolkerung bei Pammne 
vor und wiixden plotziicb nur zwiscben Vettern und Basen 
gescblossen, so wiirde in der nachsten Generation die Frequpz 
Eigenscbaft auf 26.56 % erbobt werden. Ist die Eigenscbaft bmgepi 
sebr selten, wenn die Anlage z. B. ein einziges Mai durcb Mutation 
entstanden ist, so konnen Eigenscbaftstrager nur durcb 
scbaftseben entsteben, und Vetterneben miissen ^ 

tige RoUe spielen. Sind Vetterneben sebr baufig und ^ 
sdto, diirfte man dnrol, ein Verbot von Vettemehen to 
der Eigenscbaft wesentHcb hexabsetzen konnen, msofern e 
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eine rezessive Eigenscliaffc odcr eine Eigenschaft handelt, die auf eine 
komplizicrterc Art vererbt wird. (Bei Dominanz bewirken Verwandt- 
scbaftscben, dass die Erequenz der Eigenscliait unbedeutend ab- 
nimmt.) Naclidem die Population in Isolate aufgeteilt ist, kann 
man aber nicbt sowobi eine liohc Erequenz an Verwandtscbaft- 
sehcn als aucli seltene Anlagen erbalten. In einem Isolat miissen 
mindestcns zwei Heterozygoten vorhanden sein, damit ein Eigen- 
scbaftstrager cntstelicn kami. Ist das Isolat gross, kann die Anlage 
eine nicdrige Erequenz liaben, aber dann sind kaum Vetterneben 
hauiig vorkommend. Ist das Isolat klcin, ist die Erequenz an Vettern- 
eben bober, die Anlage kann aber dann nicbt extrcm selten sein. 
Diese Verbiiltnissc bringcn die Wirkung der Vetterneben ins Gleicb- 
gewicht, so dass man in der Praxis maximal damit zu recbnen bat, 
dass 15 — 30 % dor Eltern der Eigcnscbaftstragcr Vetter und Base 
sind. Dies stimmt mit den Ergebnissen ubereiu, die man bei der Unter- 
sucbung seltcncr Eigenscbaften erbalten bat. Bei juvcniler amauro- 
tiscbcr Idiotic sind 15% der Eltern Vetter und Base. Bei Retinitis 
pigmentosa ist der entsprecbendc Wert 17 %, bei Friedreicbs Ataxie 
9 %, bei Albinismus 17 % u. s. w. Durcb ein Verbot von Vetterneben 
ndirdc man mit andcren IVorten eine grosserc Wirkung im Hinblick 
auf seltene erbbcbc Defcktc erbalten als moglicbcrweisc durcb Steri- 
Usierungsmassnabmcn. Alio seltcneren rezessivcn oder auf kompli- 
zierte Weisen crbbcbcn Eigenscbaften wiirden gleiclizeitig beeinflusst 
werdcn, und der gesamtc Effclrt Aviirde sicberlicb nicbt unbedeutend 
sein. Es wiirdc sicb aber um cinen einmaUgen Effekt baudeln. 
Man wiirdc in folgcndcn Gencrationen nicbts gewinnen. 

Man viirdc nun befiircbtcii konnen, dass man dincb ein Verbot 
der Vetterneben aucb cine Herabsetzung seltener vorteilbafter Eigen- 
scbaftcn, vie extreme Begabung einer bestimmten Art u. s. w., 
erbalten vurdc. Eigenscbaften dicser Art durftcn indessen nicbt wie 
monohybridc Eigenscbaften vererbt ’sverden, sondern cinen verwickcl- 
teren Erbgang aufwcisen. Die Wirkung auf diese Eigenscbaften wird 
desbalb auf jeden Fall weniger stark. Dass man in einer Reilie von 
Liindern Vetterneben verboten bat, diirfte indessen kaum mit ver- 
erbungsbygieniseben Gesicbtspunlcten ctwas zu tun baben. Die 
Illusionsbildung, die in gewissem Masse die Voraussetzung fur die 
Ebc ist, stellt sicb nicbt so leiebt Personen gegenuber ein, die nabe 
Verwandte sind und die man gut kennt. Auf Grund dessen sind 
Eben zwiseben Vettern und Basen vielleicbt als unnatiirbeb betracb- 
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e ^vorden. Erst viel spater hat man versucht, die Handlungsweise 
zu rationahsieren. Will man aus vererbungshygiemsohen Gesichts- 
punJrten em Verbot der Vetternehen diskutieren, so muss mauselbst- 
verstandlich beriicksichtigen, dass eine solche Massnahme einen Ein- 
griff in die Handltmgsfreiheit des Einzelnen bedeutet, der an und 
fur sich nicht gleichgiiltig ist. Geht man davon aus, dass der Staat 
den Mitgliedern der Gesellschaft eine so grosse Ereiheit ais moglioh 
geben und nur dann eingreifen soli, wenn zwingende Griinde vor- 
liegen, so ist natiirlich die Massnabme auf jeden Eall diskutabel. 
Mancberorts hat man einen grossen Eifer gezeigt, vererhimgshiolo- 
gische Ergebnisse praktisch anzuwenden, von denen sich spater 
gezeigt hat, dass sie scMecht begriindet waren. Dies mahnt zur 
Vorsicht. 


Der Umstaud, dass Ver^vandtschaftsehen fiir die Frequenz aller 
seltenen Eigenscbaften, die rezessiv oder auf eine kompliziertere 
Art vererbt werden, Bedeutung haben, bedingt es, dass Verwandt- 
schaftschen eine Konelation zwischen seltenen Eigenscbaften ver- 
ursachen. Geht man von Tragem seltener Eigenscbaften aus, waUt 
man in besonders grossem Ansmasse Nachkommen aus Vetternehen. 
Man hat deswegen zu erwarten, dass bei diesen und unter deren 
Geschwistern eine erhdhte Erequenz anderer seltener Eigenschaften 
vorhanden ist. Dies diirfte zum Teil die Erklarung dafiir sein, dass 
Mssbildungen verscbiedener Art verbaltnismassig oft im Kieise 
von Geschwistern zusammentreffen und dass man auch bei anderen 
seltenen Eigenscbaften ein auffallendes Znsammentreffeu seltener 
Defekte gefunden hat (z. B. Taubstvimmheit und Retinitis pigmen- 
tosa). Eine Korrelation zwiscben Eigenscbaften kaim ja auf einer 
Koppelnng bemhen, kann aber auch durch Vervrandtschaftsehen 
bedingt sein, was friiher nicbt beacbtet wurde. Man hat schliesslich 
mit der Mdglichkeit zu rechnen, dass seltene Eigenscbaften in kleinen 
Isolaten eine hohere Erequenz haben. Dies bedingt eine Korreia- 
tion zwiscben Eigenscbaften abnlichex Ait win die, welche die Vex 
wandtschaftsehe verursacht. 

In Wirklichkeit liegt, wie bereits waiter oben hervorgehoben, zwi- 
schen Isolat nnd Verwandtschaftsehe ein Zusammenhaug vor. Eme 
Population ist in Teilpopulationen aufgeteilt, wobei man anne ea 
kann, dass innerbalb derselben Panmixie vorliegt. Diese 
konnen geographiscb begrenzt oder soziai abgegrenzt sem. 
stimmten Eallen handelt es sich aber um scharfe Iso atgrenzen, 
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anderen Fallen sind die Grenzen unscharf; selbstverstandlicli kommt 
es aucli vor, dass keine eigentlicken Grenzen vorhanden sind. Ab- 
geseben davon bat eine bestimmte Person eine grbssere Anssicbt, sicb 
mit Personen zu verbeiraten, die in einem geringeren oder massigen 
Abstand von ibr leben, und praktiscb genommen keine Anssicbt, 
sicb mit Personen zu verbeiraten, die weit entfernt von ibr leben. 
Es liegt eine Isolienmg vor, aber keine scbarfen Isolatgrenzen. 

Man kann nun Vetterneben dazu verwenden, um eine Vorstellung 
liber die Isolatgrosse zu erbalten. Sind die Isolate klein, so baben 
Vetterneben eine bobe Frequenz. Sind die Isolate gross, ist die Fre- 
quenz an Vetterneben klein. Mit Hilfe der Vetterneben kann man 
ein scbematisiertes Isolat berecbnen, das die Anzabl von Individuen 
umfasst, die bei einer bestimmten Famibengrosse einer gegebenen 
Frequenz an Vetterneben entsprecben wiirde. Man ersetzt dann eine 
variierende Wabrscbeinbcbkeit fiir die Ebe mit einer durcbscbnitt- 
licben. Die Frequenz an Vetterneben bat in zablreicben Landern 
gegen die jetzige Zeit wesentUcb abgenommen, was mit der Industri- 
alisierung, der Flucbt in die Stadte und den besseren Kommunika- 
tionen zusammenbangen diirfte. Man kann berecbnen, dass dies 
einer Zunabme der durcbschnittlicben Isolatgrosse von 200 Perso- 
nen bis zu 800 in einer Reihe von Landern Westeuropas entspricbt. 

Man kann indessen nicbt davon ausgehen, dass Vetterneben unter 
alien Umstanden dem entsprecben, was man bei Panmixie zu erwar- 
ten bat. In Landern, in welchen die Ebescbbessungen durcb die 
Eltern bestimmt werden, muss die Frequenz an Vetterneben bober 
sein, als man sie auf Grund der Isolatgrosse erwarten wiirde. Sie muss 
ferner in geringerem Ausmasse durcb Isolataufbebung beeinflusst 
werden, als es in anderen Bevolkerungen der Fall ist; sie muss aber 
nicbt vollig unempfindlicb sein, da die Isolataufbebung docb eine 
berabgesetzte Moglicbkeit fiir die Mitgbeder eines Gescblecbtes fiir 
die Aufrecbterbaltung des gegenseitigen Kontaktes bedeuten muss. 
Es ist mogbch, dass die verbaltnismassig bobe Frequenz an Vet- 
temeben in Frankreicb mit sozialen Momenten dieser Art zusammen- 
bangt. Unter solcben Umstanden ist es von Interesse, zuverlassigere 
und differenziertere Angaben uber Vetterneben in verscbiedenen 
Populationen zu erbalten. 

Scbliesslicb soil bervorgeboben werden, dass eine Zunabme der 
Frequenz an Vetterneben unter den Eltem von Eigenscbaftstragern 
einen wicbtigen Leitfaden fiir die Beurteilung der Bedeutung 
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der Vererbungsmomente darsteUt und dass man bisber in allzu 
geringem. Ausmasse diese Mogbcbkeit benutzt bat. Tritt z. B. eine 
Krankbeit verbaltnismassig oft bei den Eltern nnd Gescbmstern 
Icranker Personen auf, so kann dies auf MiUeumomenten beruben 
(Ansteclmng). Eine Erbobtmg der Erequenz an Vetterneben kann 
kaum mit etwas anderem als Vererbungsmomenten zusammenbangen. 
Beim Vergleicb muss man natiirlicb den Wert flir Vetterneben an- 
wenden, der die Isolate cbarakterisiert, aus welcben man die Eigen- 
scbaftstrager genommen bat. 

Es ist gewissermassen eine Gescbmacksacbe, ob man, wenn man 
die Isolataufbebung diskutiert, diese als das Wesentbcbe anseben 
will Oder das Hauptgewicbt auf die verminderte Erequenz an Ver- 
wandtscbaftseben legen will. Wenn man aucb mit Hike der Ere- 
quenz an Vetterneben Anbaltspunkte fiir eine Beurteilung der Isolat- 
grosse und der Isolataufbebung erbalten kann, so feblen uns doch 
gegenwartig direlcte Angaben anderer Art fiir die Beurteilung des 
Grades der Isoberung. Es ist aber mogbcb, dass man Angaben er- 
balten koimte, die bierbei einen Leitfaden geben kormten. Eine Vor- 
aussetzung ist selbstverstandbcb, dass man in der menscblichen 
Erbbcbkeitsforscbung die bier angedeuteten Gesicbtspunkte, die 
bisber kaum bekannt waren, anlegt. 

Um iiber das Verbaltnis zwiscben Isolat und Verwandtscbaftsebe 
zu orientieren, stellen wir uns ein gescblossenes Isolat, z. B. eine Insel 
vor, auf welcber die Population scbnell an Grosse zunimmt. Dies 
bedeutet, dass falls eine Panmixie vorbegt, die Erequenz an Vettern- 
eben abnimmt, Ungeachtet dessen, wird die Erequenz an Bigen- 
scbaftstragern nicbt verandert werden. Dies berubt darauf, dass 
entferntere Grade von Verwandtscbaftseben an Erequenz zunehmen, 
und dies gleicbt die verminderte Erequenz an Vetterneben aus. 
Konnte man Verwandtscbaftseben entfernteren Grades registrieren, 
wiirde es mogbcb sein, den Prozess nur vom Standpunkt der yerwandt- 
scbaftsebe aus zu betracbten. Da dies indessen nicbt moglic > 
ist es geeigneter, den Prozess im Hinbbck auf das Isolat zu an y 
sieren. Dieser Gesicbtspunkt gUt fiir eine Reibe von Problemen, 
eine sebr wesentbcbe Bedeutung zukommt. 

Die Isolatgrenzen baben nun fiir die Heterozygotenfrequeiiz 
Bedeutung, wenn die Populationen in den verscbiedenen so 
dieselbe Bescbaffenbeit baben. Haben bingegen bestunm e g 
scbaften in einer Reibe von Isolaten eine bobere Erequenz, ein 
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rigere in andcren, so vrird man, wcnn man von den Isolatgrenzen 
absieht, ausgehend von den Eigenscliaftstragern, einen hoheren 
Gehalt an Hetcrozygoten annebmen, als er falctiscli vorliegt. In 
dem extremen Falle, dass in zwei Isolaten die eine Anlage bei alien 
Personen des einen Isolates vorbanden ist und in dem anderen voU- 
stfindig fcblt, in dem also beine Hetcrozygoten vorkommen, ■iviirde 
man dann radikal falscbc Scblusso zieben, falls man bei dem Versucb, 
sicb eine Vorstellung iiber den Anlagegebalt der Population zu bilden, 
von den Isolatgrenzen abseben AvUrde. 

Handclt cs sicb um scltene Eigcnscbaftcn, so bat man in Wirk- 
licbkeit wesentlicbc Unterscbicde zwischen den Isolaten zu erwarten. 
Diesc bcsitzen natiirlicb cine scbr variicrcndc Grosse in einer Popu- 
lation. Das cine Extrcm stcllcn die grossen Stiidte dar, das andere 
kleine Dorfcr in Gcbicten mit Einodccbarakter. Entsteben in einer 
Population Mutationcn, so konneu diesc zufallsbedingt deswegen 
verscbwinden, veil sicb die betrcffendc Person nicbt fortpflanzt 
u. s. w. Oder zufallsbedingt cine massigc Anzabl von Hcteroz)’’goten 
in spiitcrcn Genorationen bewirken. Ist die Anlage rezessiv, kann sic 
sicb nicbt geltend macbcn und wird friibestcns in dor vierten Gene- 
ration Gegcnstand einer Selcktion, da Vcrwandtscbaftseben niiberen 
Grades scbr seltcn sind und GescbAvistercben nicbt vorkommen. 
Die Wabrscbeinlicbkeit dafiir, dass cine Mutation zufallsbedingt 
cine miissige Frcqucnz errcicbt, ist selbstvcrstandlicb in cinera klei- 
nen Isolat weit grosser als in cincm grossen. Deswegen findet man 
seltcne Defclctc vor allem in kleinen Isolaten, in abgclegenen 
Dorfern, in welcbcn in der Rcgel verbiiltnismassig primitive 
Verbiiltnisse berrschcn und in Avclchen Vetternebcn und andere 
Verwandtscbaftschcn cine bobe Frcqucnz baben. Man pflegt nicbt 
selten geltend zu macbcn, dass die defektcn Individucn in Iso- 
laten und die primitivcn kulturellen Verbiiltnisse eine durcb Ver- 
Avandtscbaftsebcn vcrursacbte Degeneration darstellen. Dies ist 
selbstvcrstandlicb falscb. An und fiir sicb bcstebt kein Anlass zu 
der Annabme, dass die Erbmassc dor Bcvolkcrung in kleinen Isolaten 
wedcr besser nocb schlecbtcr als in grosscrcn Isolaten ist, abgeseben 
von der besondcrs bobcn Frcqucnz des mutierten Genes. Das We- 
sentbcbe des Prozcsscs stellt nicbt die Verwandtscbaftsebe dar; 
eine grossere Population mit dcmselben Gengebalt, aber weniger 
Vettcmeben, Avurde dicselbe Frcqucnz an Eigenscbaftstragern auf- 
AA'cisen. Das Wesentbcbc stcllen die engcn Isolatgrenzen dar, die 
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durcli den Mangel an Kommunikationen u. s. bedingfc wonlen 
Anf Gmnd der verbesserten Kommunikationcn, der Flucht in die 
Stadte n. s. w. bat, wie oben erwabnt, die Frequenz an Vcttcmclicn 
abgenommen, was einen Ausdruck dafiir darstellt, dass die Isolat- 
grenzen beaeitigt odex exweiterb wurden. Man kann die Sachc aucli 
so ansdriicken, dass auf Gmnd dieser Prozesse die Isolate grSsscr 
geworden sind. Handelt es sicb urn seltene Eigensebaften, kann man 
davon ausgeben, dass falls diese in einem Isolat vorhanden sind. cs 
kaum wabrsebeinbeh ist, dass dieselbe Anlage in angrenzenden I?o- 
laten zu finden sein wird. Durcb Kreuzungen uber die Isolatgrcnzon 
binaus, wird die Frequenz der Eigensebaftstrager vermindert. An- 
lagen werden in beterozygoter Form verbreitet. Dicser ProzcM 
gebt im extremen Fall mit der Vergrosserung dcs Isolates propor- 
tional. An Hand der Frequenz der Vetterneben kann, wie oben er- 
wabnt, bereebnet werden, dass die Isolate in einer Reilic westcuro- 
paiseber Lander wabrend einiger Dezennien an Grosso vordoppoh 
und moglicberweise verdreifaebt worden sind, was dazu gcfiilirt liakn 
muss, dass die Frequenz an seltenen Defekten wescntlicb abgenom- 
men bat, obne dass deswegen die Frequenz der Gene, die den l)e- 
fekten entspreeben, vermindert wurde. Dies muss einen Vorteil 
bedeuten, da der Prozess irreversibel ist. Legt man das Ha\iptgc- 
wiebt in diesem Prozess auf die verminderte Anzabl von Verwandt- 
sebaftseben, so beurteilt man die Situation falsch, insoweit man niir 
starkere Grade von Verwandtsebaftseben berucksiebtigt. Die Frc- 
quenz an Eigenschaftstragern bat wabrsebeinbeh weit mebr abgo- 
nommen, als es der Abnabme der Vetterneben entspricht. Venn an? 
irgend einem Anlass cbe Frequenz an Vetterneben in der Zuknnft 
zunebmen wiirde, muss dies nicht bedingen, dass die Frequenz drr 
Eigensebaftstrager zunimmt und das altcre Niveau erreiebt. 

In der offiziellen Statistik findet man aber nicht die Abnahnio an 
defekten Personen, die gemass dieser tlberlegungen zu erwarten ware. 
Es muss aber daran erinnert werden, dass die Eegistrierung dcr^. ^ u 
immer vollstandiger geworden ist. Abgesebcn davon ist dio..c 
gistrierxmg nocb weit davon entfernt, zufriedensteilend zu ■ ^ 
Sebweden wird als Land mit einer relativ zuverliissigen c' 
ungsstatistik angeseben. Unabbangig davon betnig z. . f ^ 
lepsiefrequenz in Sebweden bei der letzten Volkszai un„ • 

4349. Man ist in der Eegel nicht gem borcit, den Beborden . ^ * 

liber Defekte zu machen. Hierbei ist aber einc Ausna iiuc 
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nilmlicli die militarisclic Musterung. An Hand der Angaben von 
dieser kann bercclmet -vverden, dass die Anzabl der Epileptiker 
in Sckweden nngefahr 12 000 befcragen muss, was bedeutefc, dass 
ein grosser Spiekaum fiir eine crliobte Preqiienz durck eine ver- 
bcsserte Registrierung vorliandcn isfc, wenn aucli die wirkliche 
Frequenz erblicber Epilcpsie wesentlicb zuriickgehen wiirde. 

Auf Grund dessen, dass die Isolate auf dem Lande kleiner sind als 
in den Stiidten, muss man eine hobcre Frequenz erblicber Defekte 
imtcr der Landbevolkerung, verglicben mit der Sfcadtbevolkerung, 
erwarten. Der Unterscbicd muss indcssen zum Tcil darauf beruhen, 
dass bei der Einwanderung in die Stadtc eine Selelction stattfindet. 
Die Defekten bleiben in verbalfcnismtissig grosscm Ausmasse auf 
dem Lande zuriick. Da abcr Personen mit rezessiven Defekten so 
gut ude ausschliessUcli von Eltern abstammen, die Heterozygoten 
sind, muss sick dicscr Umstand nur in der letztcn eingewanderten 
Generation geltend mackcn. Die Heterozygoten in friilieren Genera- 
tionen rniissen ebenso zaklrcick sein wie in der ursprimglickcn Be- 
voUrerung. 

Im Hinblick liierauf kann os von Interesse sein, die zaklenmiissigen 
Angaben vom Lande imd aus Stiidten, sowie aus cinigen verscliie- 
denen Gebicten Sekwedens miteinnuder zu vcrgleicken. Die Werte 
stammen von der Volksziikliuig 1930 her. Vgl. Tabelle 31. 


T.'VBELLE .'51. 


Frcijncnz defekter indiriduen in in vcrscbicdcncn Vcnvnltungsgcljietcn 
ScLivedens laut der Volkszahliing 1930. 


Vcrwnltungsgobiot 

Blindo 

Taub- 

stummo 

Goistes- 

schwachc 

Goisfes- 

gostOrto 

Epilop- 

tikor 

Kriippol 

Stockholm 


0.49 

1.23 

3.93 


8.57 

Stockholm liin 


0.74 

2.00 

3.00 

wwnfl 

10.09 

TJppsaln lun 

0.08 


.3.17 

d.OO 

llliiil 

11.81 

Sodormanlnnd liin 


0.73 

2.91 

4.32 


11.41 

Jlnlmohus liin 

O.-io 


2.28 

4.44 

0.71 

9.20 

Viistorbotton liin 


1.45 

3.02 

4.47 

0.77 

11.71 

Norrbotton liin 

le 

1.15 

3.20 

4.53 

0.99 

11.30 

Sohwedons SUidto 

O.TS 

0.74 

1.02 

4.51 


9.51 

* Landgomoinden 

1.10 

0.03 

3.40 

4.54 


11.08 

Ganz Schwedon 

0.08 

0.87 

2.80 

4.53 

0.71 

10.97 
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Bei der Beurteilung dieser Werte muss mau sicli darau ermnern 
dass nur ein bestimmter Teil dieser Defekte erblicli bedingt ist 
Gegenwartig felilt uns die MoglicKkeit, im Einzelfalle immer be- 
stimmt zu entscbeiden, ob die Defekte mdieubedingt sind oder nickt 
Ferner soli bervorgebobeu werden, dass die Rubriken, die augewandt 
werden, eine AnzaH verscbiedener erblick bediugter Defekte urn- 
fassen, wie Blindkeit, Idiotie, Verkriippelung u. s. w. Sie siud also 
teils aus einer Auzabl durcb verscbiedene Gene bedingter Defekte 
und teds aus milieubedingten Defekten zusammengesetzt. Die Ee- 
gistrieruug ist scbliessKcb, wie oben bervorgebobeu, mangelhaft. 
Unter solcben Umstanden muss man sicb damit begniigen festzu- 
stellen, dass man Frequenzunterscbiede findet, die im grossen und 
ganzen dem entsprecben, was man unter Beriicksicbtigung der 
Isolatgrosse zu erwarten bat. Die Frequenz an defekten Personen 
ist in den Stadten niedriger als auf dem Lande und extrem niedrig 
in Stockholm sowie extrem bocb in den am weitesten nordlicb gele- 
genen Teilen des Landes (Vasterbotten, Norrbotten), wo die Isolate 
verbaltnismassig klein sind. (Dass im Hinbbck auf die Geistesgestor- 
ten keine nennenswerten TJnterscbiede vorbegen, diiifte damit zu- 
sammenbangen, dass diese in weit grosserem Ausmasse als auf dem 
Lande in den Stadten gepflegt und registriert werden.) Es muss auf 
jeden Fall von Interesse sein zu versucben, die Werte fiir die Fre- 
quenz der Defekte in den verscbiedenen Gebieten zu analysieren, 
und zwar unter Anwendung der bier angegebenen Gesicbtspunkte. 

Zusammenfassend soli im Hinblick auf die seltenen Defekte her- 
vorgeboben werden, dass man durcb Sterilisierung kaum erwarten 
kann, ibre Frequenz in nennenswertem Ausmasse zu beeinflussen. 
Eine grossere Wirkung wtirde man durcb ein Verbot der Vettemeken 
erbalten. Der Prozess, der die grosste Bedeutung besitzt, ist die 
Isolataufbebung. Mancberorts bat man auf dem Gebiete der Vei 
erbungsbygiene bervorbeben woEen, dass die Landbevolkerung der 
Kern des Vobres ist, und man bat u. a. mit dieser Motivienmg ver- 
sucbt, Massnabmen zu ergreifen, um den Zuzug zu den 
zu verbindern und die Bevolkerung auf dem Lande zuriic z a 
Denkt man bierbei an die Frequenz defekter Personen, so ist 
Ansicbt falscb. Defekte baben die grosste 
baltnismassig kleinen Isolaten auf dem Lande und 
Frequenz vermindem, muss man einen Zuzug in die 
worten. 
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Nuu ist aber die Frequenz an defekten Pcrsonen keineswegs von 
cntschcidcndcr Bedcntung fiir cine Population. Aucb wcnn man ihnen 
cine mensclienwiirdige E.xistcnz bicton iviirdc, wurden die Kosten 
unbedeutend sein, niclit zum venigsten vcrglicben mit den imer- 
horten, luxusbetonton Ansgabeu, wclcbe der organisiertc Massen- 
mord auf Gnind des Krieges bedeutet. Von weit grosscrer Bedeutimg 
sind sclbstverstiindlicb die Leiden, vclclie die Defekte fiir die Eigen- 
schaftstriiger und ihre Eltcrn bedingen. 

Auf dem Gebiete dor Vcrerbungsh5'giene .spricht man \aeIerorts 
von der Frequenz der Dcfclcte, als ob dicse cine unerhort grosse Be- 
deutuug fiir die allgcmcine Effekti\-itiit besitzen -wurde. In Wirk- 
liclikeit bedeuten selbstverstiindlich das allgcmcine intellektuelle 
Durchsclinittsnivcau und die Frequenz cxzeptioncll Bcgabter •vdel 
inehr fiir cine Gcsollschaft. 

Im HinblicJr auf die Frequenz der besonders Begabten ist, wie 
bercits oben crwiihnt, die Sclcktion ohne nennenswerte Bedcutung, 
insoweit man dicse so abgrenzt, dass sic cine seltcne Eigcnschaft 
ist. Was man auch untor bcsondcrer Begabung verstebt, so diirftc 
man femer davon ausgehen konnen, dass cine grosscrc oder klcinerc 
Frequenz von Vcrwandtscliaftscbcn koine nennenswerte Rolle fiir 
die Frequenz der Eigcnschaft spielt, insofern man an Vetterneben 
und enteproebende naberc Grade von Veru-andtsebaftseben denlct. 
Dies destt'egen, veil die Eigcnschaft in dem Grade, in velcbcm sic 
erbUeb bedingt ist, sicber durcb mohrcrc Gene erzeugt vird, die zu- 
sammentreffen miissen. Fiir solcbc Eigensebaften besitzt cine grosscrc 
ocler geringcre Frequenz von Vetterneben cine gcringe Bedcutung. Hin- 
gegen ist cs mbglicb, dass die Isolatgrcnzcn fiir solcbe Eigensebaften 
eine wcsentlicbe Bedcutung besitzen. Um dies zu vcranscbaulichen, 
soli in Kiirze die Bedcutung dcr Isolataufhcbung fiir die Korperliinge 
besproeben verden. Zwiseben Begabung imd Korperliinge liegen 
vom Standpunkt der Vererbung aus wescntlicbe jllmlicbkcitcn vor. 
Die Korperliinge in ciner Population weist eine ziembeh normale 
Verteilung mit ciner niedrigen Frequenz an c.vtrcm kleinen und 
grossen Personen sowie eincr lioben Frequenz an Pcrsonen mittlercr 
Grosse auf. Eine iibnlicbc Verteilung bat man bci der Aiisfiibrung 
sog. Intelligenztcstc erbalten. Unterbalb der normalen Verteilung 
der Variationsbreitc fiir die Korperliinge findet man cine kleinere 
Anzabl e.vtrem kleincr Pcrsonen. Die Ursacbe bierfiir ist bei einem 
Toil der Fiille eine MiUcusebiidigung, bei andcren Fallen eine besondere 
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Erbanlage (Zwerge, Kyphose auf Grand von Tuberkalose u s wl 
^alog bimu findet man nnterhalb der Dmnmbeifc, die nacb unten 
die normale Begabung abgrenzfc, eine Heinere Anzabl von Individuen 
die entweder auf Grand von Milieuschadigungen (wie z. B. Ge- 
birnblutungen bei der Geburt) oder auf Grand besonderer Erban- 
lagen ausgepragt defekt sind. 

In zablreicben Landern konnte man eine Zunabme der Eorper- 
lange bis in die jetzige Zeit feststellen. In Scbiveden betragt die 
Zunabme fur 100 Jabre 9 cm. Es begt am nacbsten anzunehmen, 
dass diese durcb einen erbobten Lebensstandard bedingt vdrd, bi 
Wirldicblceit verlauft aber die Zunabme der Korperlange nicht mit 
der Erbohung des Lebensstandards parallel. Es bestebt Anlass an- 
zunebmen, dass eine bessere Ernabrung die Gescbwindigkeit beein- 
flusst, mit welcber jiingere Personen ungefabr bis zur Pubertafc 
ivacbsen. Hernach gebt das Wacbstum bei guter Ernabrung lang- 
samer vor sicb, so dass im erwacbsenen Alter wabrscbeinbcb kein 
nennenswerter Unterscbied vorbegt. Man bat zeigen konnen, dass 
von 1883 — 1938/39 der Unterscbied in der Korperlange fiir Personen 
im Alter von 15 Jabren in Scbweden ungefabr 15 cm, fiir Erwacbsene 
aber nicbt ganz 5 cm ist. Wird die Korperlange durcb mebrere Gene 
bestimmt, die vorwiegend dominant sind, ist es mogbcb, dass die 
Isolataufbebung, die in Scbweden im Gange ist imd die eine erbohte 
Heterozygotie bedingt bat, die wesentbcbe Ursacbe dafiir daistellt, 
dass die Korperlange bei Erwacbsenen zugenommen bat. Verf. bat 
dieses Problem in mehreren Aibeiten besprocben (vgl. Dahlberg 
1931 und 1938, Broman, Dahlberg und Lichtenstein 1912). 

Die Isolataufbebung wiirde also im Hinbbck auf die Korperlange 
zu einer Verminderung der Anzabl extrem kleiner Personen, einer 
Zunabme der Durcbscbnittsgrosse und einer Zunabme der Anza^ 
extrem grosser Personen fiibren. Lage fiir intellektuelle Begabung em 
abrdicber Prozess vor, diirfte man erwarfcen, dass die Isolataufbe ung 
eine Abnabme der Erequenz extrem Dummer, eine bobere Dure - 
scbnittsintelbgenz und eine erbobte Erequenz extrem begabter 


sonen bewirkt bat. _ ,. 

Um die Bedeutung der Isolatanfbebung im Hinbbck aui (he - 
male Intelbgenz naber zu untexsueben, sind Untersuebungen aru^^^ 
erforderbeb, wie sicb Minderbegabung vererbt, Ein et ma ’ 
sicb Minderbegabung als eine kompbzierte xezessive , 

vererbt, so bestebt Anlass zu der Annabme, dass die so a 
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ein vom Standpunkt der Geselllcliaft aus vorteilhafter Prozess ist. 
Im entgegengesetzten Fall stellt sie eine Gefahr dar. Diese Seite 
der Sache ist mogliclierweise wiclitiger als die Wirkung, welche die 
Isolataufliebung auf die Frequenz erblich defekter Personen gehabt 
liat imd nocb bat. 

Tbeoretiscb geseben bestebt selbstverstandbcb die Mogbcbkeit, 
dass der Prozess der Isolataixfbebung gleicbgultig ist und dass re- 
zessive und dominante Aniagen sicb auf eine soicbe Art das Gleicb- 
gewicbt balten, dass bei Isolataufliebung keine Verscbiebungen vor- 
kommen. 

In dem Masse ude die Isolataufbebung die erbbcben Eigenscbaften 
in einer Population beeinflusst, bat man Unterscbiede zwiscben der 
Stadt- und der Landbevolkerung zu erwarten. Die Heterozygotie 
ist in der Stadtbevolkerung grosser. Prozesse dieser Art konnen fer- 
ner Unterscbiede zwiscben verscbiedenen Landern bewirken. Die 
Heterozygotie ist selbstverstandbcb in einem Land, das seit alter 
Zeit bewobnt ist, geringer als in einem Land, in welcbes eine Eiu- 
wanderung stattgefunden bat und eine Besiedlimg vom Kolonisa- 
tionstypus vorbegt. Es muss z. B. in diesem Punlct ein Unterscbied 
nicbt nur zudscben Europa und Amerika, sondern aucb zwiscben 
Amerika und England vorbegen. 

Auf dem Gebiete der Vererbungsforscbung mussen mit anderen 
Worten Fragen, die sicb auf die Isolataufbebung bezieben, einen 
wicbtigen Platz einnebmen, imd es ist in erster Linie wicbtig, Pri- 
miirangaben uber den Umfang des Prozesses in verscbiedenen Lan- 
dem zu erbalten. 

Handelt es sicb um Gattemualil, so feblen uns ebenfalls Primaran- 
gaben, die einer Analyse fiber die Bedeutung solcber Prozesse zu- 
grunde gelegt werden konnen. Matbematiscb konnte gezeigt werden, 
dass die Gattenwahl sebr scbnell bis zu einer Gleichgeudcbtsb ge 
fUbrt. Es ist deswegen vor allem von Interesse zu untersucben, in 
welcbem Ausmasse Prozesse dieser Art in der letzten Zeit vor sicb 
gegangen sind. Die verbesserten Kommunikationen baben soicbe 
Prozesse in grosserem Ausmasse ermogbcbt. Handelt es sicb um sel- 
teue Eigenscbaften, so kann Gattenwahl kaum irgend eine grossere 
Robe spielen, da ja die seltenen Eigenscbaftstriiger gerade auf Grund 
ibrer Seltenheit keine grossen Mogbcbkeiten baben zusammenzu- 
treffen. Die Isolataufbebung hat aber die Mogbcbkeit fiir einen sol- 
cben Prozess erhobt. In welcbem Ausmasse Gattenwahl fiir gewohn- 
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Uohe Eipns^aften yoAommt. ist bisher kaum untosucbt TOric 
Man woiss aber, dMs im Hmblick auf die Kotperliingo cino solclic 
Tendenz vorliegt. Grosse bzw. kleine Personen verbeirateu sicb ctwas 
iiaufiger mitGiuaiidGr als gs zufallsbcdingt zu otwarten ist 

Theoretisch. geseben ist es moglich, dass fiir bestiminte Eigenschaf- 
ten eine negative Gattenwabl vorkommt. Es ist vor allem wahr- 
sobeiniicli, dass bestimmte Gebrecben, die Hilflosigkeit bedingea, 
anf Eben zwiscben Personeiij welcbe dieselbe Eigenscbaft babca, 
bermnend wirken. Prozesse dieser Art roiissen erne scb-wacbe Zii- 
nabme der Heterozygotie bewirken, es ist aber imwabrscbeinlicli, 
dass solcbe Prozesse in menscbbcben Populationen eine feststellbare 
Wirkung baben. 

In der Wirkbcbkeit diirfte die Gattenwabl vor allem in Zusammen- 
bang mit Isolatbildung vorkommen. Defekte Personen, z. B. Taub- 
stumme, bilden Isolate, die mebr oder minder scbarf abgegrenzt sintl. 
Man bat z. B. zu erwarten, dass Taubstumme in der Mebrzabl der 
Eben beide den Defekt aufweisen, was im Hinbbck auf die niedrigc 
Erequenz der Taubstnmmen in der Population eine sebr starbe 
Gattenwabl bedeutet. Das Isolat der Taubstnmmen setzt sicb nun 
aus erblicb Tanbstummen und Personen zusammen, die an milicu- 


bedingter Tanbstummbeit leiden. 

Bei etwa der Halfte der Tanbstummen ist das Leiden crblich 
bedingt. Eioige Taubstumme verbeiraten sicb ausserbalb der Isolat- 
grenze und geboren dem speziellen Defektisolat, welcbes durcli 
Taubstumvereine oder abnlicbe Organisationen gebildet wird, tiber- 
baupt niobt an. Die Lage ist in verscbiedenen Populationen 
versobieden. Angenblicklicb ist es nicbt moglicb, mit den bier 
angegebenen Eormeln Bereebnungen auszufubren. Durcb empi 
risobe Untersuebungen konnte man moglicberweise Konstanten cr 
balten, welcbe solcbe Bereebnungen erlanben konnten.^ 

Man kann vermuten, dass abnlicbe Prozesse im Hinblick au er 
Kobe Anlagen, die spezielle Interesscn bedingen, vorliegen. 
musikaliscbe Personen treffen sicb in einem bestimmten " 
in besonderen Vereinen imd Bekanntenkreisen, so dass 
einer gewissen Bereebtigung von selektiven Isolaten spree cn 
Gleicbzeitig muss man auob damit reebnen, dass das i usj ' 
aneb in Gesellscbaften, in welcben musikaliscbe ^ 

bauden sind, eine Gattenwabl bedingt. Untersuebungen, ^ 

bier angegebenen Gesicbtspunktenaiisgebenj'wui ennic o 
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In dem Masse, in welcliem eine Tendenz zur Gattenwalil im Hin- 
blick auf seltenc Eigenscliaften, z. B, erblich bedingte Defekte oder 
aiisserordentlicbe Bcgabung vorliegt, hat man Anlass zu vermuten, 
dass die Isolataufhebimg bedingt, dass dicse jetzt eine etwas grossere 
Eolle spielt als es friiher der Fall war. Dadurch dass die Isolate gros- 
ser gewordcn sind, haben die Triiger seltencr Eigenschaften grossere 
lilogliclikciten bekommen, zusammcnzutrcffen. Der Prozess bedingt 
eine Zunahme der Homozygotie iind cine Abnahme der Heterozy- 
gotie mid wirlct also dcr Isolatauflicbung und der Abnahme an Ver- 
wandtschaftsehen cntgegen. Es ist nicht moglich, die Wirlcung dieser 
Prozessc c.valrt abzuwagcn, man durltc aber am chasten Anlass haben 
zu vermuten, dass die cvcntucllc Zunahme der Gattenwahl keinc 
wesentlichere Eolle spielcn wird. Es ist aber erwiinscht, dass empi- 
risclie Untcrsuchungen iibcr dieses Problem ausgefiihrt werden. Die 
Verhiiltnisse sind natiirlich fiir vcrschicdenc Eigenschaften unter- 
schicdlich. Handclt es sich um Taubsturame, hat man z. B. Anlass 
anzunehmen, dass die Isolatauflicbung eine erhohte Mdgliclikeit 
fiir diesc bedingt, zusammcnzutrcffen. Dadurch, dass solclic Personen 
glcichzeitig eine vcrbcsscrtc Ausbildung crhalten haben, welche ihic 
MoglichJceitcn fiir eincn Kontakt rait normalcn Personen crhoht 
haben, ist es aber moglich, dass die Tendenz zu ciner Gattenwahl 
gleichzeitig abnimmt. Das Ergcbnis dieser Prozessc kann nur durch 
empirischc Untersucliungcn fcstgestcllt werden. 

Die Form der Gattenwahl, die durch besondcrs eingcstellte Intcr- 
cssen bedingt wird, fiihrt zur Frage nach der Bcdcutung der sozialen 
Klassongrenzcn vom Standpunlct dcr Vcrerbung aus. Personen, die 
in der eincn oder anderen Gcscllschaftsklasse geboren wurden und 
durchschnittliche Eigenscliaften haben, vcrblcibcn in dcr hichrzahl 
der Fiillc innerhalb ihrer Gcscllschaftsklasse. Es findet aber cine 
gewisse Zirkulation zwischen den Stiinden statt, was toils eine Ver- 
setzung von Personen mit durchschnittlichcrcm Charakter von cinem 
Stand in einen anderen, toils auch cine sclclctivc Umstellung bedcutet. 
Personen mit Eigenschaften, die eine besondcre soziale Effelctivitiit 
heviirken, haben eine gewisse Aussicht, in cine hohere Gesellschafts- 
klasse zu gelangen. Besonders minderbegabte Personen sinlccn in 
niedrigerc Gesellschaftsklasscn henmter. Sian kann selbstverstiind- 
iich auch hier von Isolatcn mit ciner selclctivcn Dbcrfiihrung von 
Personen sprechen, man kann aber auch das Geivicht auf speziellc, 
eventuell erblich bedingte Intcresseneiustellungen richten und die 
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Ansiclit haben, dass eine Gattenwabl iiber die IsoIatgrenzeTi hin<, 
stattMot Maa ta ™Ueicht eher Aalass, dea LtgeaaaaZ 
Standpu^vt zu betonen, wenn es sicb urn Frauen bandelt, und be- 
ziigbcb der Manner das Selektionsmoment bervorznheben. In dem 
Ausmasse, in welcbem sicb Frauen direkt in die Oberklasse binein 
verheu-aten, ist es moglicb, dass es sicb um eine positive Gattenwahl 
im Hinblick auf die InteUigenz, aber vielleicbt vor allem um eine 
negative Gattenwabl im Hinbbck auf das Ausseben bandelt. Arbeitet 
man sicb in die Oberklasse berauf, baben die Manner ja oft eine Ehe 
gescblossen, ebe sie die Isolatgrenzen iiberwinden konnten. Die 
Frauen, die auf diese Weise den Oberklassenisolaten zugefubrt wer- 
den, baben die fiir die XJnterklasse duxcbscbnittbcbe Bescbaffenbeit, 
insoweit fiir die Gruppe von Mannern, die sicb beraufarbeitet, kerne 


Gattenwabl vorbegt. 

Im Hinbbck auf die Manner, die in die Oberklasse gelangen, ist 
selbstverstandbch eine besondere Einstellung der Interessen kon- 
stitutiv. Obne einen auf dieses Ziel eingestellten WiUen wird die 
Grenze kaum iiberscbritten. Es erbebt sicb nun die Frage, in welcbem 
Ausmasse besondere erbbcbe Eigenscbaften von Bedeutung sind. 
Zufallsmomente spielen selbstverstandbch eine nicbt unwesentlicke 
Rolle. Unter im iibrigen gleicben Umstanden muss aber besondere 
Begabung ein Vorteil sein, ebenso aber aucb ein barter Wille, eine 
bestimmte Egozentrizitat und Riicksicbtslosigkeit. Es ist moglich, 
dass die Personen, die sicb beraufarbeiten, in gewissem Ausmasse 
eine Auswabl von Personen darsteUen, die vorteilbafte intellektuelle 
imd unvorteilbafte morabscbe Eigenscbaften baben. 

Matbematiscb ist es mbgbcb die Wirkung derselektivenoderassor- 
tativen Isolatbildung zu berecbnen, welcbe die sozialen Klassengren- 
zen bedeuten, wenn man den Charakter rmd die Grosse der Umstellung 
kennt, die stattfindet. Man kann zeigen, dass eine Auswabl im Hin 
bbck auf besondere erbbcbe Eigenscbaften eine fortscbreitende Ver 
scbiebimg der Bescbaffenbeit des Oberklassenisolates bewixken muss. 
Ob die Wirlaing ausreicbend gross ist um eine Robe zu spielen, Juh 
aber auf Gnmd unseres bisberigen Wissens nicbt entscbieden wer e ^ 
Da die Oberklasse verbaltnismassig klein ist und aucb die tan e 
zirkulation gering ist, kann man aber bebaupten, dass inc 
eventuebe Auswabl die breiten Scbicbten ibren Ohara er me 

andern. Fiir die niedrigeren GeseUscbaftsscbicbten am 
die Ansicht baben, dass es sicb um eine Selektion 
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Hasse «chnen Man aieht es deawegen als fiit dia Gesefchaft 
von Interesso on, doss die Eegabten fiir eine imbestimmte Zeit in 
der UnterHasse zuruckgehaiten wden. (Man gibt keinea Zeitnunk 
an, m welohcm die Sesellschoft ibie Begabung anmnden iam ) 
CrJeichzeitig maclit man geltend, dass die niedrige Fruchtbarieit in 
der Oberldassc einen Ausdmck fiir eine moralisebe Minderwertigbit 
fiir einen sozialen Egoismus, darsteUt. Man wiinscbt eine hohere 
Eruclitbarkeit unter diesen Asozialen. 


Wir baben bier vom Standpunkt der Vererbung aus einige Probleme 
iiber die soziale Elassenbildung beriibrt, imd zwar teils um zn be- 
leucbten, dass die verwickelten Fragen auf diesem Gebiete weifc 
davon entfernt sind gelosfc zu sein, mid dass sie scbwer zunntersuclieii 
sind, teils aucb um zu betonen, dass auf der Basis unserer jetzigen 
Kenntnisse es nicbt mdglicb ist, Aussagen iiber erbbcbe Untersciiede 
zu macben, die eventuell zwiscben den Klassen vorbegen. Das Pro- 
blem ist sebr kompliziert und unser Wissen so mangelbaft, dass es 
nicbt mdglicb ist, einen Standpunkt im Hinblick auf die Fragen iiber 
die soziale Organisation, ausgebend vom Feblen oder Vorhanden- 
sein spezieiler erblicb bedingter Unterscbiede zwiscben verscMedenen 
sozialen Scbicbten, zu motivieren. Der VoUstandigkeit balber soil 
scbliesslicb erwabnt werden, dass man selbstverstandbcb die Pro- 
Heme nicbt ausscbliesslicb vom Standpunkt der Vererbung aus an- 
seben kann. Gesicbtspunkte organisatoriscber, okonomischer Ait 
u. s. w. miissen selbstverstandbcb aucb beacbtet werden. 

Ein anderer Eragenkomplex, der ebenfalls die Gattenwabi und die 
Isolatgrenzen beriibrt, beziebt sicb auf die Bassenunterscbiede. lu 
den meisten Fallen kann man eine Rasse als eine Gruppe von Isolaten 
bezeicbnen, die regional begrenzt sind und erbbcb bedingte Unter 
scbiede anderen Isolaten gegeniiber aufweisen. Spielen Vorsteiiungen 
iiber die Vortrefflicbkeit der eigenen Rasse und Unterlegenheifc an 
rer Rassen herein, so kommt indessen aucb nicbt selten eine a 
wabl binzu. So baben z. B. die Juden in gewissem Ausmasse regions 
begrenzte Isolate ansgemacbt. Sie baben aber aucb sozia e 
dargesteUt, und man kann, wenn man so will, geltend mac em 
in der Weise eine Gattenwahl vorgelegen bat, als 
Ausmasse Eben miteinander als mit Nicbt-Juden gesc 
und umgekebrt. Auf abnbcbe Weise fiibrten die Gegensa ze 
Weissen imd Negern in Amerika zu Isolatgrenzen, e man 
sem Masse als Ausdmck fiir eine Gattenwabi anse en 
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genngorer Bedeutung, wenn ein grosser Teil der Vaiiationsbreite 
der die beiden Gruppen, die verglichen werden sollen, auszeicW 

e den gememsam ist. In dieser Arbeit Tvird eine Metbode referiert 

le darmof ansgebt, ein Mass fur Rassennnterschiede zu erbalten and 
die im Prmzip dann bestebt, dass man in erster Linie die Variations- 
breite fiir die verscbiedenen Eigenscbaften in den Gruppen, die man 
verglcicbcn -will, nntersucbt. Hernacb stellt man sicb vor, dass man 
die beiden Gruppen miteinander vermiscbt, worauf man versucht, die 
Individuen mit Hilfe der Kermtnisse, die man iiber sie erworben bat, 
zu unterscbeiden. Im besfcen Ealle konnen alle Individuen auf die 
ricbtige Weise beraussortiert werden. Sind die Unterscbiede geringer, 
crhalfc man eine grossere oder kleinere Restgruppe, die man nicht 
mit Sicherbeit der einen oder der anderen Rassengruppe zufceilen 
kann. Die Grbsse dieser Restgruppe stellt ein Mass fiir den Rassen- 
unterscbied dar. 

Sian kann selbstverstandlicb die Metbode dazu anwenden, nm die 
Grossenordnung von Unterscbieden zwiscben Materialgmppen fest- 
zustellen, aucb wenn es sicb nm andere Eigenscbaften als Rassen- 
unterscbiede bandelt. 

Die Metbode ist von. besonderem Wert, wenn es sicb urn unsicberere 
Rasseneinteilungen bandelt, d. b. wenn die Unterscbiede Idein sind. 
Ein Vorteil dieser Metbode ist, dass man gezwungen ist, auf die Kennt- 
nisse, die man faktiscb iiber die betreffenden Rassengruppen bat, 
zuriickzugreifen, md nicbt unbestimmtere und deswegen zweifel- 
bafte jjBeobacbtungen” anwenden kann, gleicbzeitig wie man volbg 
die exakten Kenntnisse benutzt, die man bat. Bisber ausgefiibite 
Untersucbungen iiber Rassen sind in vielen Fallen zu mangelhaft, 
nm eine Analyse nacb der bier angegebenen Metbode zu exlauben. 
In dem Masse, in welcbem die Metbode angewandt werden wd, 
diirfte sie indessen dazu beitragen konnen, dass die Rassenforschimg 
einen objektiveren Cbarakter erhalt, und dem veralteten Aberglauben 
entgegenwirken, der gegenwartig mancberorts als wissensc a 
Rassenforschimg angeseben wird, 

Im Vorgebenden wurden einige Anwendungen der 

Tbeorie fiir die Populationen vom Gesicbtspunkt der erer 

anidautet, die m Ler Arbeit aufgestaUt ^de 
sichtigt, Interesse fiir Piobleme dieser Art zu wee ™ ^ 

an veSueben, die wissensebaftbobe B— ts in 


zu 


beeinflussen. Es diirfte unnotig sem zu 
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der Her gegebenen iibersicbtlicben Darstellung die Probleme nur 
andeutiingsweise bebandelt werden konnten und dass der Vcrfasser 
die Wahl so getroffen hat, speziell solche Fragen zu behandeln, mit 
welchen er selbst Beriihrung gehabt hat. 

Schliesslich soil hervorgehoben werden, dass die mathematische 
Analyse dor Bevollcerungen vom Standpunkt der Vererbung aus 
zeigt, dass cine Reihe von Schlussen, die man friiher mit Hilfe von 
Analogien aus der Tier- und Pflanzenwclt ziehen zu konnen glaubte, 
fehlerhaft waren und dass deswegcn gewisse Vorschlage iiber soziale 
Massnahmen schlecht begriindct waren. Im Hinblick hierauf diirfte 
Anlass bestehen, auch dann, wenn es sich um die Konsequenzen der 
mathematischen Populationsanalyse handelt, zuriiekbaltend zu sein. 
Die Ergebnisse, die man mebr oder minder bestimmt vermuten kann, 
soUen nicht als sichergestellt angesehen werden, bevor man empi- 
risch eine Bestatigung fiir sie crlialten kann. Erst dann kann Anlass 
bestehen, sie als Ausgangspunkte fiir eine Besprechimg der prak- 
tischen Massnahmen zu wahlen. 
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